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Abstract: This dissertation details the development of several enantioselective or 
stereospecific transformations involving organoboronic esters. Chapter one will introduce 
electrophile-induced boronate rearrangements which underpins much of the reactivity that 
will be discussed in subsequent chapters. In chapter two the conjunctive cross-coupling 
reaction is presented. Its development and application to the synthesis of non-racemic 
boronic esters, along with its application to the synthesis of enantioenriched allylic boronic 
esters, will be discussed. In chapter three the cross-coupling of geminal bis(boronic) esters 
is introduced and the development of a method to employ them in cross-coupling with 
alkenyl bromides, affording enantioenriched substituted allylic boronic esters is outlined. 
In chapter four we highlight the utility of allylic boronic esters, and detail the development 
of a cross-coupling reaction that involves the use of these substrates and halide 
electrophiles to furnish enantiomerically enriched products containing all carbon 
quaternary stereocenters. Finally, in chapter five we describe the development of a metal-
free amination reaction of organoboron compounds, which is able to deliver otherwise 
difficult-to-access enantiomerically enriched α-tertiary amines.
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Chapter 1 
Electrophile Induced 1,2-Boronate Rearrangements 
 
1.1 Introduction 
Organoboron species are versatile reagents.1 Whereas perhaps their most well-
known use is as nucleophilic cross-coupling partners in the Suzuki-Miyaura cross-coupling 
reaction,2 their ability to undergo transition-metal-free transformations has led to their 
prevalent use in the context of organic chemistry. Notable uses of organoborons are as 
hydroboration reagents, reduction reagents, and allylation substrates, and they also are 
extensively used as Lewis acids. The focus of this chapter will be on organoboranes in 1,2-
rearrangement chemistry. Prior to their widespread use in transition metal complex 
catalysis, pioneering work in the field of organoboron chemistry was done by H. C. Brown 
which led to his partial award of the Nobel Prize in 1979.3 Further extensive studies by 
Matteson and many others have highlighted the versatile nature of various classes of 
organoboron reagents, including their applications in stereoselective synthesis.4 For 
introduction, the nomenclature of carbon (drawn as R) and oxygen (either as hydroxide, 
OH or alkoxides, OR) substituted organoboron compounds is defined by the nature of the 
groups attached to the boron center (Scheme 1.1). 
 
 
                                                 
1 Hall, D. G. Boronic Acids (Wiley-VHC, Weinheim, Germany, 2011). 
2 Miyaura, N.; Suzuki, Yamada, K.; Suzuki, A. Tetrahedron Lett, 1979, 20, 3437. 
3 Brown, H. C. Science, 1980, 210, 485. 
4 Matteson, D. C. Stereodirected Synthesis with Organoboranes (Springer-Verlag, Berlin and Heidelberg, 
1995). 
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Scheme 1.1. Nomenclature for organoboron compounds 
 
 
 In all cases in Scheme 1.1, boron exists in trigonal planar geometry due to its unique 
electron configuration. With only 3 valence electrons, boron forms neutral species when it 
is bonded to three groups thereby bearing a valence shell sextet opposed to the much more 
commonly seen octet with other atoms. This lack of a full octet leads to boron possessing 
an empty p-orbital which lies orthogonal to the trigonal sp2 plane (Scheme 1.2). The 
electron deficient boron atom in 1.8 can consequently accept two more electrons from an 
electron donor, filling the empty orbital and forming what is called an “ate” complex (1.9). 
Whereas these “ate” complexes are classically drawn with a formal negative charge on 
boron, the electronegativity difference between boron (2.04) and its ligands generally 
results in bond polarization away from boron. For instance whether the ligands are carbon 
(2.55), oxygen (3.44), or nitrogen (3.04), the electron density lies heavily on the groups 
attached to the boron instead of at the boron center. This feature leads to much of the 
reactivity that will be discussed in this chapter.  
 
 
 
 
 
 
3 
Scheme 1.2. sp2 hybridization of boron and formation of an “ate” complex 
 
 
1.2 Background 
 1.2.1. 1,2-Metallate Rearrangement. The synthetic utility of many organoboron 
compounds stems largely from their ability to participate in a 1,2-metallate rearrangement. 
As shown in Scheme 1.3, a 1,2-rearrangement can occur when a 4-coordinate boron “ate” 
complex such as 1.11 contains a ligand that is appended with a leaving group (Nu-X). This 
“ate” complex can spontaneously undergo a 1,2-rearrangement where an electron rich 
carbon ligand undergoes migration with retention of configuration at the migrating carbon 
to form a new bond to the “Nu” group while expelling the leaving group (X) to give 1.12.  
 
Scheme 1.3. 1,2-Metallate rearrangement 
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 Whereas perhaps the most widely-used examples of this type of 1,2-metallate shift 
with boron “ate” complexes are the Matteson homologation5 and oxidation of boron to the 
alcohol, many other carbon-boron to carbon-carbon and carbon-heteroatom 
functionalizations have been developed that proceed via this type of mechanism.6 This 
rearrangement is also known for organozinc, copper, aluminum, lithium, silicon, 
zirconium, nickel, and cadmium compounds.7 Notably, this spontaneous rearrangement 
occurs when an sp3 center is directly attached to boron and has an appended leaving group 
and underpins fundamental reactivity of organoboron compounds. Reactions of this type, 
including stereoselective variations, have been explored in detail and reviewed, and 
therefore will not be covered in this chapter. 8 
1.2.2. Electrophile-Induced 1,2-Metallate Rearrangement. In cases where an sp2 
center that lacks a leaving group (1.13) is attached to boron, a stable “ate” complex, such 
as 1.14, is formed in which there is no opportunity for spontaneous metallate migration. 
Often in these cases, however, an external electrophile can be added to induce the metallate 
rearrangement (1.14 to 1.15), and this leads to a variety of; synthetically useful structures 
(Scheme 1.4). 
 
                                                 
5 (a) Matteson, D. S.; Ray, R. J. Am. Chem. Soc. 1980, 102, 7590. (b) Matteson, D. S. Acc. Chem. Res. 
1988, 21, 294. (c) Matteson, D. S. Chem. Rev. 1989, 89, 1535. 
6 For an example of oxidation see:  Brown, H. C.; Snyder, C.; Rao, B. C. S.; Zweifel, G. Tetrahedron, 
1986, 42, 5505. (b) For an example of amination see: Mlynarski, S. N.; Karns, A. S. J. Am. Chem. Soc. 
2012, 134, 16449. 
7 (a) Marek, I.; Tetrahedron, 2002, 58, 9463. (b) Kocienski, P.; Barber, C. Pure & Appl. Chem. 1990, 62, 
1933. (c) Negishi, E.; Akiyoshi, K. J. Am. Chem. Soc. 1988, 110, 646. (d) Miller, J. A. J. Org. Chem. 1989, 
54, 998. (e) Alexakis, A.; Hanaizi, J.; Jachiet, D.; Normant, J.-F.; Toupet, L. Tetrahedron Lett. 1990, 31, 
1271. (f) Hoberg, H. Angew. Chem., Int. Ed. Engl. 1966, 5, 513. 
8 See refs 4,5 and (a) Sandford, C.; Aggarwal, V. K. Chem. Commun. 2017, 53, 5481. (b) Collins, B. S. L.; 
Wilson, C. M.; Myers, E. L.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2017, 56, 11700. 
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Scheme 1.4. Electrophile-induced metallate rearrangement 
 
 
 Stereospecific migration in this case, may occur with stereoinduction because the 
new C-C and C-E bonds could be formed concomitantly. If high diastereoselectivity can 
be achieved, such a process would highlight the utility. This type of reactivity will be 
explored in this chapter. In some cases, the electrophile can be incorporated into the 
product in a three-component coupling, whereas in others the electrophile is eliminated 
during the reaction and therefore acts as a traceless activator. Although reactions of this 
type have been documented for several decades, more recently (in the past 15 years) an 
increase in reactions of this rearrangement have been reported, further highlighting the 
synthetic utility of enantioenriched organoboron compounds. In this this review we will 
cover halide-, non-halide-, and radical-induced boronate rearrangements on arenes, 
alkynes, and alkenes. Metal induced rearrangements will be discussed in Chapter 2. 
 
1.3 Halide-Induced Boronate Rearrangements 
 1.3.1. Zweifel Olefination. The first example of an electrophile-induced boronate 
rearrangement was reported by Zweifel in 1967 (Scheme 1.5).9,10 In Zweifel’s seminal 
report, vinyl borane derivatives 1.17 were activated with iodine to give “ate” complex 1.18 
                                                 
9 Zweifel, G.; Arzoumanian, H.; Whitney, C. C. J. Am. Chem. Soc. 1967, 89, 3652. 
10 for an excellent review on the Zweifel olefination and it’s uses in natural product synthesis see: 
Armstrong, R. J.; Aggarwal, V. K. Synthesis, 2017, 49, 3323. 
6 
which then undergoes 1,2-metallate rearrangement to give 1.19. Anti-boron-iodine 
elimination occurs in the presence of hydroxide base, to furnish Z-alkenes 1.20. The 
reaction proceeds in high yield with exclusive generation of Z- di- and tri-substituted 
olefins. 
 
Scheme 1.5. Zweifel olefination original report 
 
 
 In a following report in 1972, Zweifel and co-workers reported that by changing 
the reaction conditions and using cyanogen bromide or cyanogen iodide to activate the 
olefin, the trans alkene isomer could be obtained (Scheme 1.6).11 The authors argue that 
by increasing the electron withdrawing capability of the boron ligand by replacing an 
iodide with a cyano group, coordination between the β-halogen and boron is increased 
which leads to a syn elimination (1.23 to 1.24). The reaction is also performed in less polar 
and non-coordinating CH2Cl2 solvent which further promotes the syn elimination, offering 
higher E:Z ratios than when THF is used. 
 
                                                 
11 Zweifel, G.; Fisher, R. P.; Snow, J. T.; Whitney, C. C. J. Am. Chem. Soc. 1972, 94, 6560. 
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Scheme 1.6. Zweifel olefination with cyanogen bromide to give E-alkenes   
 
 
 In 1976, Matteson12 and Evans13 independently reported that the Zweifel 
olefination could be performed with boronic esters (Scheme 1.7). Similar to that of the 
original Zweifel report (Scheme 1.5),14 Matteson showed that hydroxide-promoted anti 
elimination occurs to give the Z-alkene products (Scheme 1.7a). In Evans’ example, both 
the Z- and E-alkenes can be obtained by using either an E- or Z- alkenyl lithium reagent 
followed by the hydroxide promoted anti-elimination (Scheme 1.7b). 
 
 
 
 
 
 
 
 
                                                 
12 Matteson, D. S.; Jesthi, P. K. J. Organomet. Chem. 1976, 110, 25. 
13 (a) Evans, D. A.; Thomas, R. C.; Walker, J. A. Tetrahedron Lett, 1976, 17, 1427. (b) Evans, D. A.; 
Crawford, T. C.; Thomas, R. C.; Walker, J. A. J. Org. Chem. 1976, 41, 3947. 
14 See Ref 9. 
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Scheme 1.7. Zweifel olefination of vinyl boronic ester derivatives. 
 
 
 The extension to boronic esters expands the utility of the Zweifel olefination, as 
boronic esters are more stable than trialkylboranes, and they do not suffer from competitive 
migration between the different groups on boron, which can be an issue when 
trialkylboranes are used. Use of boronic esters has expanded the method to an impressive 
array of variations including the synthesis of trisubstituted alkenes, unsubstituted alkenes, 
dienes, ketones, vinyl sulfides, and alkynes.15 Aggarwal has also shown that selenium can 
be used as an alternative to halogens and this provides a complement to the traditional 
Zweifel olefination.16 
 
                                                 
15 See ref 10. 
16 Armstrong, R. J.; García-Ruiz, C.; Myers, E. L.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2016, 55, 1. 
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 1.3.2. Ligand Migrations to Aryl Boranes and non-Boronic Esters. Whereas the 
Zweifel olefination is performed on alkenyl boron compounds, it was soon found that 
similar metallate rearrangements could be induced by halide electrophiles on aryl boron 
compounds. In 1976, Davies reported the halide-induced metallate rearrangement of 
thiophene derived “ate” complex 1.36 for the synthesis of biaryls containing thiophene 
(Scheme 1.8a).17 Later, Davies and co-workers extended this work to the synthesis of 
biaryls that do not necessitate the presence of a thiophene group (Scheme 1.8b).18 The 
proposed mechanism involves a bromination of one of the thiophene groups at the 2-
position, which induces a 1,2-metallate rearrangement (1.36 to 1.37). Nucleophilic attack 
on boron then triggers the debromoborylation to afford bisthiophene 1.38. In reactions with 
unsymmetrical arenes, symmetrical biaryls are not generated, pointing to an intramolecular 
mechanism. Moreover, the authors also note that, in all cases, the reaction is regiospecific: 
the new bond is formed between the arene residues at the position of the original boron 
attachment. Of note, Kagan showed a similar method can be used for the oligomerization 
of thiophene.19 
 
 
 
 
 
 
                                                 
17 Davies, G. M.; Davies, P. S.; Paget, W. E.; Wardleworth, J. M. Tetrahedron Lett, 1976, 10, 795. 
18 Pelter, A.; Williamson, H.; Davies, G. M. Tetrahedron Lett, 1984, 4, 453. 
19 Kagan, J.; Arora, S. K. Tetrahedron Lett, 1983, 24, 4043. 
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Scheme 1.8. Davies syntheses of biaryls  
 
 In 1978, Levy and co-workers reported the aromatic substitution via organoboranes 
for the regiospecific formation of 2-alkylindoles (Scheme 1.9).20 Here, a similar 
mechanism to the Zweifel olefination is proposed: after the metallate rearrangement, B-I 
elimination re-aromatizes the indole. Levy and co-workers found that both trialkylborane 
and B-alkyl-9-BBN derivatives are competent in the reaction.  
 
 
 
 
 
 
 
 
 
                                                 
20 Levy, A. B. J. Org. Chem. 1978, 43, 4684. 
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Scheme 1.9. Levy’s formation of 2-alkylindoles 
 
 Soon after Levy and co-workers described the activation of indole-derived boron 
“ate” complexes with iodine (Scheme 1.9), they disclosed a similar transformation using 
carbon electrophiles (vide infra). Levy later reported the extension of this reaction to furans 
and pyrroles (Table 1.1).21 In terms of the mechanism that Levy proposes for the furan and 
pyrrole reactions, halogenation occurs at the 3 position of the ring (1.58 to 1.59), analogous 
to the reactions of the indole containing boron “ate” complexes. Both iodine and NCS can 
be used as electrophiles to induce the metallate rearrangement with furan and pyrrole 
containing “ate” complexes. 
 
 
 
                                                 
21 Marinelli, E. R.; Levy, A. B. Tetrahedron Lett, 1979, 25, 2313. 
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Table 1.1. Levy’s synthesis of substituted furans and pyrroles 
 
 
 Contemporaneous with Levy’s report of the reactions of furan- and pyrrole-bound 
boron “ate” complexes with halide electrophiles (Table 1.1), Suzuki and co-workers 
studied the reactivity of α-lithiated furan-derived boron “ate” complexes.22 As shown in 
Scheme 1.10, in 1971 they attempted a synthesis of ketoaldehyde 1.71, which was 
unsuccessful. It was presumed the synthesis of 1.71 could occur through a non-
electrophile-induced metallate shift of furyl “ate” complex 1.68 to afford 1.69. It was 
anticipated this intermediate would immediately be oxidized to afford the desired 
ketoaldehyde 1.71. Instead of the desired product, diol 1.74 was isolated. The authors 
                                                 
22 Suzuki, A.; Miyaura, N.; Itoh, M. Tetrahedron, 1971, 27, 2775. 
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propose that this compound arises from a second metallate shift of 1.69 to give 1.73, which 
upon protonation and oxidation gives the observed product 1.74. Crossover experiments 
indicated an intramolecular process, and formation of the cis-olefin suggests the formation 
of an intermediate 6-membered ring containing oxygen and boron.  
 
Scheme 1.10. Suzuki’s diol synthesis by a non-halide induced metallate rearrangement 
 
  
 In the same year as Levy’s report on furans and pyrroles, Suzuki also reported the 
same transformation with furans.23 Similar to Levy, it was found that when an electrophile 
was used to induce the metallate shift, instead of cleavage of the furan ring, substitution 
occurred (Table 1.2). Alternative to Levy’s proposal that iodination occurs at the 3-
position, Suzuki proposed an iodination at the 5-position of the furan ring (1.75 to 1.76), 
and a similar dehaloborylation furnished the desired product 1.77. In Suzuki’s report, a 
variety of cyclic and acyclic trialkylboranes were used, with iodine activation to afford 
alkyl-substituted furans. In the same year, Suzuki and co-workers extended this method to 
the reaction of trialkylboranes with lithiated thiophene and 1-methyl pyrroles.24 
                                                 
23 Akimoto, I.; Suzuki, A. Synthesis, 1979, 2, 146. 
24 Sotoyama, T.; Hara, S.; Suzuki, A. Bull. Chem. Soc. Jpn. 1979, 52 1865. 
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Table 1.2. Suzuki synthesis of substituted furans 
 
 
 1.3.3. Ligand Migrations to Aryl Boronic Esters. Research into further 
development of the Zweifel reaction and related processes lay dormant for many years until 
it was revisited by Aggarwal and co-workers. In 2014, they reported that it could be 
performed with non-racemic secondary and tertiary boronic esters and was stereospecific 
at the migrating carbon (Scheme 1.11a).25 The enantioenriched boronic ester starting 
materials are primarily obtained through Aggarwal’s sparteine-based lithiation borylation 
                                                 
25 Bonet, A.; Odachowski, M.; Leonori, D.; Essafi, S.; Aggarwal, V. K. Nat. Chem. 2014, 6, 584. 
15 
strategy,26 and their transformation proceeded in good yield with complete retention of 
enantiomeric purity. This method serves as a metal-free complement to the Suzuki-
Miyaura cross coupling. Although not catalytic, the Aggarwal reaction allows for coupling 
to alkyl boronic ester derivatives, including tertiary boronic esters, to afford quaternary-
center-containing products that are challenging to obtain through metal-catalyzed cross-
coupling. 
 
Scheme 1.11. Aggarwal’s stereospecific arene functionalizations 
 
 
                                                 
26 For a review see: Collins, B. S.; Wilson, C. M.; Myers, E. L.; Aggarwal, V. K. Angew. Chem. Int. Ed. 
2017, 56, 11700. 
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  In the same report with the furan substrates (Scheme 1.11a), Aggarwal and co-
workers applied this method to other arenes, including non-heterocyclic substrates 
(Scheme 1.11b). Analogous to the furan reactions, both secondary and tertiary 
enantioenriched boronic esters were competent in the reaction and exhibited high levels of 
stereoretention. The reaction is proposed to occur through an SEAr reaction where 
bromination of the arene induces the metallate rearrangement. For certain substrates, 
however, successful coupling was not observed but instead an invertive bromination of the 
substrates predominated (Scheme 1.12). It was observed that meta donor groups on the 
arene, such as with substrate 1.103 promoted the aromatic substitution reaction (in blue) to 
give the desired coupling product 1.107, whereas para donors such as with substrate 1.108 
promoted the SE2 invertive substitution pathway (in red) to give the brominated product 
1.104. Aggarwal and co-workers had previously shown that the SE2 invertive pathway can 
be used to functionalize boronic esters.27 
 
 
 
 
 
 
 
 
 
                                                 
27 (a) Larouche-Gautier, G.; Elford, T. G.; Aggarwal, V. K. J. Am. Chem. Soc. 2011, 133, 16794. (b) 
Mohiti, M.; Rampalakos, C.; Feeney, K.; Leonori, D.; Aggarwal, V. K. Chem. Sci. 2013, 5, 602.  
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Scheme 1.12. SEAr vs. SE2 reactivity 
 
 
Aggarwal and co-workers subsequently completed DFT calculations using the 
B3LYP hybrid functional with the 6-31+G(d) basis set to study trends in the reactivity that 
might point to which mechanism will be followed.28  It was found that increasing electron 
density of the aromatic group promoted the SEAr pathway, but did not seem to have an 
effect on the SE2 inversion pathway. In contrast, increased steric hindrance at the sp3 carbon 
promoted the SE2 inversion pathway yet did not affect the SEAr pathway. It was also found 
that for certain substrates DDQ may be used instead of NBS to initiate the metallate 
rearrangement. Whereas DDQ can act as a two-electron electrophilic activator similar to 
NBS, a plausible pathway involving a single electron radical activation could also operate. 
The single electron radical activation pathway will be discussed in the radical-induced 
metallate rearrangements section of this chapter. In the same report where the DDQ 
                                                 
28 Odachowski, M.; Bonet, A.; Essafi, S.; Conti-Ramsden, P.; Harvey, J. N. Leonori, D.; Aggarwal, V. K. J. 
Am. Chem. Soc. 2016, 138, 9521. 
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conditions were disclosed, Aggarwal and co-workers show that when a solvent swap was 
performed (THF to CH3CN) prior to NBS addition to the “ate” complex, a rearrangement 
product could be obtained where the boron is retained in the product (Scheme 1.13).  
 
Scheme 1.13. Retaining boron in the stereospecific cross-coupling 
 
 
 In order to describe the origin of the product retaining the B(pin) moiety, Aggarwal 
and co-workers propose the following mechanism: instead of the debromoborylation 
pathway (a), a boryl shift (1.116 to 1.117) followed by re-aromatization (1.117 to 1.118) 
of the arene occurs (b) to give a product retaining the boronic ester moiety (Scheme 1.14). 
The remaining aryl boronic ester can serve as a synthetic handle and be used in further 
functionalizations. 
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Scheme 1.14. Dehaloborylation vs. deprotonation 
 
 Aggarwal and co-workers have also demonstrated that the activation of an aryl 
boronic ester with a halogen electrophile can occur through extended π-systems. Alkynyl 
substituted arenes could be activated with NBS to induce a metallate rearrangement and 
furnished a C-C coupled product (1.122) (Scheme 1.15).29 It was also found that with 
neopentyl ligands on boron, the reaction proceeds through the mechanism shown in 
Scheme 1.15 (Scope shown in Scheme 1.16a). However, when pinacol ligands are 
employed and an acetonitrile/iPrOH solvent system is used, the boron rearrangement 
described above occurs and the B(pin) moiety remains incorporated in the final product 
(Scheme 1.16b). Similar to Aggarwal’s previously discussed examples, the reaction can be 
performed on enantiomerically enriched secondary and tertiary substrates with complete 
stereochemical control. 
 
 
 
 
 
                                                 
29 Ganesh, V.; Odachowski, M.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2017, 56, 9752. 
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Scheme 1.15. Alkynyl moiety triggered 1,2-metallate rearrangement 
 
 
Scheme 1.16. Scope of alkynyl moiety triggered 1,2-metallate rearrangement 
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1.4 Non-Halide-Induced 1,2-Boronate Rearrangements 
 1.4.1. Ligand Migrations to Alkynes and Alkenes. 1,2-boronate rearrangements 
have been widely demonstrated on arenes, whereas apart from the Zweifel olefination, 
activation of non-aryl systems has been limited. One exception to this is in the case of 
trialkyl alkynyl borates such as 1.135 (eq 1.1). Rearrangements on this substrate class were 
well studied, and a variety of electrophiles (E+) were found to activate the alkynyl borates 
towards 1,2-migration to afford substituted olefins.30 These electrophiles include a 
proton,31 alkyl halides,32 acyl halides,33 palladium bound π-allyl complexes,34 Michael 
acceptors,35 carbon dioxide,36 oxiranes,37 chlorophosphanes,38 sulfenyl chlorides,39 and 
metal halides.40 Even though a wide variety of electrophiles are able to induce the metallate 
shift, there has been no further development of this process to include boronic esters, and 
the resulting alkenyl borane offers limited synthetic utility. 
 
 
                                                 
30 Negishi, E. J. Organomet. Chem. 1976, 108, 281. 
31 (a) Binger, P.; Kӧster, R. Tetrahedron, 1965, 6, 1901. (b) Miyaura, N.; Yoshinari, M.; Itoh, M.; Suzuki, 
A. Tetrahedron, 1974, 15, 2961. (c) Brown, H. C.; Levy, A. B.; Midland, M. M. J. Am. Chem. Soc. 1975, 
97, 5017. (d) Pelter, A.; Harrison, C. R.; Subrahmanyam, C.; Kirkpatrick, D. J. Am. Chem. Soc. Perkin 
Trans. 1. 1976, 2435. 
32 (a) Pelter, A.; Bentley, T. W.; Harrison, C. R.; Subrahmanyam, C.; Laub, R. J. J. Chem. Soc. Perkin 
Trans 1. 1976, 2419. 
33 Binger, P. Angew. Chem. Int. Ed. Engl. 1967, 6, 84. 
34 (a) Chen, Y.; Li, N.-S.; Deng, M.-Z. Tetrahedron Lett. 1990, 31, 2405. (b) Chen, Y.; Deng, M.-Z.; Shi, 
N. Chin. Sci. Bull., 1991, 36, 570. 
35 Pelter, A.; Hughes, L. J. Chem. Soc. Chem. Commun. 1977, 913. 
36 Deng, M.-Z.; Tang, Y.; Xu, W. Tetrahedron Lett, 1984, 25, 1797. 
37 Naruse, K.; Utimoto, K.; Nozaki, H. Tetrahedron, 1974, 30, 3037. 
38 Binger, P.; Kӧster, R. J. Organomet. Chem. 1974, 73, 205. 
39 Gerard, J.; Hevesi, L. Tetrahedron, 2001, 57, 9109. 
40 (a) See ref. 24a. (b) Binger, P.; Kӧster, R. Synthesis, 1973, 309. (c) Hooz, J.; Mortimer, R. Tetrahedron 
Lett, 1976, 17, 805. 
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Although much less common than reactions with alkynes, there are examples of 
1,2-metallate rearrangements involving alkenyl boron “ate” complexes with non-halide 
electrophiles. In 1973, Utimoto and co-workers reported a 1,2-metallate rearrangement of 
vinyl trialkylborane “ate” complexes (1.137) induced by epoxides (1.138) (Scheme 1.17).41 
This three component reaction creates a carbon-carbon bond at each sites of the olefin and 
retains the boron functional group. After the metallate shift, oxidation furnishes the 1,4-
diols (1.140) that are isolated from the reaction.   
 
Scheme 1.17. Utimoto’s addition of vinyl boron “ate” complexes to epoxides 
 
 
 Soon after Utimoto and co-workers disclosed the reaction of alkenyl boron “ate” 
complexes with epoxides, the same group reported that these “ate” complexes (1.137) 
could be added to aldehydes to give 1,3-diols upon oxidation (Table 1.3).42 Unfortunately, 
low diastereoselectivity was observed in the reaction (majority give 1:1 dr but up to 64:36 
dr) which limits the synthetic utility of the method and is likely the reason this reaction 
hasn’t seen further development. 
                                                 
41 Utimoto, K.; Uchida, K.; Nozaki, H. Tetrahedron Lett, 1973, 45, 4527.  
42 Utimoto, K.; Uchida, K.; Nozaki, H. Tetrahedron, 1977, 33, 1949. 
23 
Table 1.3. Utimoto’s addition of vinyl boron “ate” complexes to aldehydes 
 
 
 Similar to Utimoto, Deng found that the trialkyl vinyl boron “ate” complexes could 
be trapped with CO2, which affords hydroxy acids upon oxidation (Table 1.4).43 Even 
though these multi-component examples are limited in number, they offer synthetically 
useful C-C bond formation; however, such processes are yet to be extended to boronic ester 
substrates or been accomplished diastereo- or enantioselectively. 
 
 
 
 
 
 
 
                                                 
43 Deng, M.-Z.; Lu, D. A.; Xu, W.-H. J. Chem. Soc. Chem. Commun. 1985, 1478. 
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Table 1.4. Deng’s addition of vinyl “ate” complexes to carbon dioxide 
 
 
 1.4.2. Ligand Migrations to Arenes. Whereas the use of halides as electrophiles 
works to activate both aryl boron “ate” complexes towards ligand migration, it is also 
possible to use carbon electrophiles as means to induce metallate rearrangements.  
Subsequent to Levy’s halide-induced metallate rearrangement of indole derived boranes 
(vide supra), they reported that a variety of carbon electrophiles might be used as 
electrophilic activators to promote a metallate rearrangement of indole substituted boranes 
(Table 1.5).44 The mechanism that Levy proposes is the same as the cases with halide 
electrophiles, except, instead of losing the halide upon re-aromatization of the indole, 
deprotonation is suggested to occur to lead to re-aromatization, which allows retention of 
the electrophile. The Levy reaction gives access to a variety of indoles substituted at both 
the 2- and 3-positions. Similar to the examples with halide electrophiles, a variety of 
trialkylborane and B-alkyl-9-BBN derivatives are competent in the reaction. 
 
                                                 
44 Levy, A. B.; Tetrahedron Lett, 1979, 42, 4021. 
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Table 1.5. Levy’s carbon electrophile induced metallate rearrangement 
 
 
 More recently, the Studer group has shown a three component coupling between 
indole-derived boron-ate complexes and cyclopropane derivatives using a Lewis acid 
catalyst (Scheme 1.18).45 Indole substituted boron-ate complexes (1.160), prepared from 
the addition of lithiated indole to aryl boronic esters, are coupled to donor-acceptor 
                                                 
45 Das, S.; Daniliuc, C. G.; Studer, A. Angew. Chem. Int. Ed. 2018, doi:10.1002/ange.201711923. 
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cyclopropanes (1.161) and alkyl halide electrophiles (1.162). The reaction involves the use 
of scandium triflate as a Lewis acid, and yields substituted indole products (1.163). In all 
cases only one diastereomer of product is obtained. It was proposed that the Lewis acid 
coordinates to the ester groups on the cyclopropane, rendering it reactive enough to induce 
a metallate rearrangement. The ring-opened product can then be trapped by electrophiles 
such as methyl iodide, hexyl iodide, and geranyl bromide. 
 
Scheme 1.18. Studer’s three-component coupling 
 
 
 Ishikura and co-workers reported a similar transformation of the indole 9-BBN 
derivatives that Levy used (Table 1.5), except in their case, Pd-bound π-allyl was used as 
an electrophilic activator. Ishikura first disclosed an intramolecular variation of the reaction 
with the effective migrating groups including a variety of cyclic and acyclic allylic 
carbonates (Table 1.6).46  
 
 
 
 
                                                 
46 Ishikura, M.; Terashima, M.; Okamura, K.; Date, T. J. Chem. Soc. Chem. Commun. 1991, 1219. 
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Table 1.6. Ishikura’s intramolecular functionalization of 9-BBN indole derivatives 
 
 
 Ishikura and co-workers proposed a mechanism for the intramolecular 
functionalization of B-indole-9-BBN derivatives that first involved an oxidative addition 
of Pd to the allyl electrophile to form a π-allyl intermediate 1.169. Concomitant 1,2-
metallate rearrangement and outersphere attack from the 3-position of the indole on the 
allyl fragment re-generates Pd(0) and furnishes the cyclic intermediate 1.170 (Scheme 
1.19). Deborylation rearomatizes the indole and furnishes the observed product 1.164. 
Unlike the majority of the reactions of boranes that have been discussed in this chapter, an 
oxidative work-up was not necessary, and loss of boron to rearomatize the indole occurred 
without the presence of external base. As carbonate was released from the electrophile 
during the reaction, it is likely that it performs as a base and activates boron towards 
deborylation. A mechanism is not proposed for this deborylation. Ishikura and co-workers 
later extended the scope of this process to intermolecular systems that involve propargyl 
28 
carbonate electrophiles,47 and allyl epoxides, carbonates, and acetates.48 A system which 
has the migrating group tethered to the indole nitrogen gives [a] annulated indoles when 
using alcohols as a proton source for the electrophile.49  In these cases, an oxidative work-
up was performed. 
 
Scheme 1.19. Proposed mechanism for Ishikura’s intramolecular reaction 
 
 
 In a later report, Ishikura and co-workers noted an interesting bond formation could 
be performed when indoles with N-CH2OMe substitution were used (Scheme 1.20).50 After 
the typical electrophile induced rearrangement, instead of loss of the boron, borotropic shift 
occurs (1.172 to 1.173) furnishing a new trialkyl borane intermediate, which could be 
trapped with a variety of benzaledehyde derivatives to give products functionalized at C1, 
C2, and C3 of the indole (1.174). The electrophiles used to induce the migration were allyl 
acetates or allyl epoxides epoxides, and the reactions were carried out with a palladium 
catalyst.  
 
 
                                                 
47 Ishikura, M.; Agata, I. Heterocycles, 1996, 43, 1591. 
48 Ishikura, M.; Kato, H. Tetrahedron, 2002, 58, 9838. 
49 Ishikura, M.; Ida, W.; Yanada, K. Tetrahedron, 2006, 62, 1015. 
50 Ishikura, M.; Kate, H.; Ohnuki, N. Chem. Commun. 2002, 3, 220. 
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Scheme 1.20. Boryl migration with N-CH2OMe substituted indoles 
 
 
 Ishikura’s reaction (Table 1.6, Scheme 1.20) was later expanded upon by Ready 
and co-workers in 2017, who reported an enantioselective variant using boronic esters 
instead of boranes and chiral Pd complexes using (S)-BINAP (1.114) and (S)-H8-BINAP 
(1.115) (Scheme 1.21).51 In Ready’s example, the  intermediate before the oxidation step 
(1.176 or 1.179) can be isolated [e.g. the B(pin)-containing compound prior to oxidation to 
give 1.181 is isolated in 85% yield, 82:18 dr, and 98:2 er for the major diastereomer]. The 
mechanism proposed by Ready is analogous to that proposed by Ishikura, with first an 
oxidative addition between the Pd complex and the allyl electrophile, to form a π-allyl. 
This is followed by metallate rearrangement and concomitant outersphere attack on the 
Pd(π-allyl) to establish the two C-C bonds. Due to the fact that only the trans (with respect 
to the two newly formed C-C bonds across the indole) products are formed, the authors 
suggest the C-C bonds are formed in a concerted process. Nonetheless, a stepwise 
mechanism could not be ruled out. 
 
 
 
                                                 
51 Panda, S.; Ready, J. M. J. Am. Chem. Soc. 2017, 139, 6038. 
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Scheme 1.21. Ready’s enantioselective three-component coupling 
 
 
 In 1986, Ishikura and co-workers reported that a variety of Lewis acids, acyl 
halides, and anhydrides could be used as non-halide activators to induce boronate 
rearrangements with 4-pyridyl trialkylborate substrates (Table 1.7).52 This highlighted the 
fact that a variety of electrophilic activators are compatible with boron “ate” complexes 
and that potentially these rearrangements could be applied to different of substrate classes. 
 
 
 
 
                                                 
52 Ishikura, M.; Terashima, M. Heterocycles, 1986, 24, 2793. 
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Table 1.7. Ishikura’s activation of 4-pyridyl trialkylborates 
 
 
 The reaction developed by Ishikura with pyridyl boron “ate” complexes (Table 1.7) 
was recently revisited by the Aggarwal group who showed this reaction can be performed 
in a stereospecific manner with enantioenriched boronic esters and 2- and 4-lithiated 
pyridines, quinolones, and isoquinolines (Scheme 1.22a).53 Troc-chloride is used as the 
acylating reagent and a wide range of substituted pyridines, quinolones, and isoquinolines 
can be engaged in the reaction. Aggarwal and co-workers propose a similar mechanism to 
that of Ishikura, and propose that the rearomatization occurs on intermediate 1.201 after 
oxidation of boron (Scheme 1.22b).  
 
 
                                                 
53 Llaveria, J.; Leonori, D.; Aggarwal, V. K. J. Am. Chem. Soc. 2015, 137, 10958. 
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Scheme 1.22. Aggarwal’s stereospecific coupling of boronic esters with pyridine derivatives. 
 
  
 In a subsequent publication, Aggarwal and co-workers reported that a similar 
coupling between pyridine derivatives and boronic esters can be performed on an extended 
system with ortho-lithiated benzylamines (1.203) ((Scheme 1.23a).54 In Aggarwal’s 
coupling of ortho-lithiated benzylamines, N-activation (1.216 to 1.217) turns the benzyl 
amine into an efficient enough leaving group to induce a 1,2-rearrangement with anti-SN2’-
elimination (Scheme 1.23b). This step is followed by a stereospecific 1,3-borotropic 
                                                 
54 Aichhorn, S.; Bigler, R.; Myers, E.L.; Aggarwal, V. K. J. Am. Chem. Soc. 2017, 139, 9519. 
33 
rearrangement55 (1.218 to 1.219) to furnish a product which retains the boronic ester 
moiety. The stereospecific borotropic rearrangement furnishes products with boron-
containing stereocenters in good to excellent levels of diastereoselectivity. Aggarwal and 
co-workers also show that instead of undergoing borotropic rearrangement, the 
intermediate 1.218 can undergo stereospecific allylation reactions, stereospecific Cope 
rearrangement, as well as protodeboration. 1.218 was not isolated, although it could be 
detected by NMR and both the 1,2-rearrangement/SN2’ elimination and 1,3-borotropic 
rearrangement steps were found to be stereospecific.  
 
 
 
 
 
                                                 
55 (a) Hancock, K. G.; Kramer, J. D. J. Am. Chem. Soc. 1973, 95, 6463. (b) Hancock, K. G.; Kramer, J. D. 
J. Organomet. Chem. 1974, 64, C29. (c) Henriksen, U.; Snyder, J. P.; Halgren, T. A. J. Org. Chem. 1981, 
46, 3767. (d) Bîhl, M.; Schleyer, P. v. R.; Ibrahim, M. A.; Clark, T. J. Am. Chem. Soc. 1991, 113, 2466. (e) 
Bubnov, Y. N.; Gurskii, M. E.; Gridnev, I. D.; Ignatenko, A. V.; Ustynyuk, Y. A.; Mstislavsky, V. I. J. 
Organomet. Chem. 1992, 424, 127. (f) Gridnev, I. D.; Gursky, M. E.; Bubnov, Y. N. Organometallics 
1996, 15, 3696. (g) Bubnov, Y. N. Pure Appl. Chem. 1987, 59, 895. (h) Choi, J. Y.; Kim, C. K.; Kim, C. 
K.; Lee, I. J. Phys. Chem. A 2002, 106, 5709. (i) Ess, D. H.; Kister, J.; Chen, M.; Roush, W. R. Org. Lett. 
2009, 11, 5538. (j) Gurskii M. E.; Belyakov, P. A.; Lyssenko, K. A.; Semenova, A. L.; Bubnov, Y. N. 
Russian Chem. Bull. Int. Ed. 2014, 63, 480. (k) Zweifel, G.; Horng, A. Synthesis, 1973, 672. (l) Kramer, G. 
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Scheme 1.23. Aggarwal’s coupling with ortho-lithiated benzylamines 
 
 
 Whereas most of the systems described have made use of carbon-based 
electrophiles to induce metallate rearrangements, Aggarwal has also shown that Martin’s 
sulfurane, triphenylbismuth difluoride, and benzotriazoles can be used to activate borylated 
phenols and induce rearrangements (Scheme 1.24).56 Reactions with these reagents do not 
                                                 
56 Wilson, C. M.; Ganesh, V.; Noble, A.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2017, 56, 16318. 
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suffer competitive SE2 reaction, so the brominations that occurred as side reaction with 
electron-rich substrates and NBS as described above are circumvented (vide supra). 
Aggarwal explored the stereospecific variation of the reaction with Martin’s sulfurane 
(Scheme 1.24 products 1.226 to 1.231). The starting dianionic “ate” complex was 
synthesized from para-bromophenols. First, a deprotonation was performed with 
methyllithium, and then a lithium-bromine exchange was performed with t-butyllithium. 
The resulting dianion was then added to an alkylboronic ester.  
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Scheme 1.24. Activation of phenol substituted boron-ate complexes with Martin’s Sulfurane 
and triphenylbismuth difluoride 
 
  
 When Aggarwal and co-workers applied the conditions that were effective in 
affording a coupling between boronic esters and meta- or para-substituted phenols 
(Scheme 1.24) to ortho-substituted phenols, decreased yields were observed under both 
sets of conditions (trace yield for the sulfurane conditions and a maximum yield of 31% 
for the bismuth conditions). The authors propose the poor outcome occurred because of the 
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increased steric bulk associated with the ortho-substituted substrates. To accommodate for 
the increased steric demand, they thought to activate the phenol with an electron 
withdrawing group. They found benzotriazole to be efficient in this role and when these 
substrates were added to boronic esters to make the “ate” complex (1.234), they were found 
to spontaneously undergo rearrangement and, upon warming to room temperature, 
furnished the desired coupling products (Scheme 1.25). 
 
Scheme 1.25. Coupling with ortho-lithiated phenols 
 
 
1.5 Radical Induced Metallate Rearrangements 
 1.5.1. Ligand Migrations to Arenes. As discussed above, in Aggarwal’s 2016 
report, they reported that DDQ can be used instead of NBS to induce a metallate 
rearrangement. Whereas it is possible for DDQ to act as a two-electron activator in the 
same manner as NBS, an alternative mechanism can be proposed in which DDQ acts as an 
oxidant and a single-electron pathway occurs (Scheme 1.28). In the presence of a single 
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electron oxidant such as DDQ, “ate” complex 1.243 can be oxidized to 1.244. 1,2-
Rearrangement can then occur to give 1.245 and a second single electron oxidation event 
will give cationic intermediate 1.246, which upon deborylation gives the coupling product 
1.247. Although the final product is the same that is obtained in the case with NBS as an 
electrophilic activator, the fundamental difference in reactivity could offer a broadened 
scope for these types of couplings, and opens up the application of boronate rearrangements 
to radical processes.  
 
Scheme 1.26. Radical induced furan and alkyl boronic ester coupling 
 
 
 Although in the furan coupling reaction (Scheme 1.29) NBS proved to be a more 
efficient activator, the Aggarwal group later used this type of radical activation to furnish 
a three component coupling with boronic esters, furans, and trifluoromethyl radicals 
(Scheme 1.27).57 Umemoto’s reagent (1.248) is used as the CF3 source.58 A variety of 
furans, thiophenes, and pyrroles are competent in the reaction and when enantioenriched 
boronic esters are used, compete enantiospecificity is observed. The authors also noted 
                                                 
57 Wang, Y.; Noble, A.; Sandford, C.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2017, 56, 1810. 
58 (a) Umemoto, T.; Ishihara, S. Tetrahedron Lett, 1990, 31, 3579. (b) Umemoto, T.; Ishihara, S. J. Am. 
Chem. Soc. 1993, 115, 2156. (c) Umemoto, T.; Ishihara, S.; Adachi, K. J. Fluorine Chem. 1995, 74, 77. (d) 
Umemoto, T.; Ishihara, S. J. Fluorine Chem. 1999, 98, 75. 
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other cationic electrophiles could be added in these system including a tropylium ion and 
1,3-benzodithiolylium (not shown). 
 
Scheme 1.27. Three component coupling with a CF3 radical, furan, and boronic Esters 
 
 
 Aggarwal and co-workers propose the following mechanism for the three 
component trifluoromethylation reaction (Scheme 1.28), similar to that of the DDQ system. 
An addition of a CF3 radical to the “ate” complex 1.260 at the furan C5 gives 1.261. 1.261 
gets oxidized with another equivalent of Umemoto’s reagent which propagates the radical 
cycle and gives 1.262, which is the intermediate able to undergo 1,2-rearrangement to 
furnish 1.263. Deborylation gives the observed product 1.264. EPR studies show the 
presence of the trifluoromethyl radical which supports the proposed mechanism instead of 
a polar mechanism which has been proposed for other trifluoromethylations. 
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Scheme 1.28. Proposed mechanism for Aggarwal’s radical induced three component coupling 
 
 
 The Aggarwal group later showed that the radical addition reaction can be 
expanded to other systems and, in a subsequent report, induced rearrangements on N-
methyl indole substituted boron substrates. Radicals generated from alkyl iodides were 
added to both furans and N-methyl indole derived “ate” complexes by the use of blue light 
and a ruthenium photocatalyst to generate the radicals (Scheme 1.29).59 Regarding 
mechanism, a similar one to the original (Scheme 1.29) is proposed, except the radical 
generation arises from the excitation of the photocatalyst with blue light, which oxidizes 
the “ate” complex to form a radical. 
 
 
                                                 
59 Silvi, M.; Schrof, R.; Noble, A.; Aggarwal, V. K. Chem- Eur. J. 2018, doi 10.1002/chem.201800527 
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Scheme 1.29. Radical induced three component coupling with furan and indole
 
 1.5.2. Ligand Migrations to Alkenes. In recent years, the reactivity of vinyl boron 
derived “ate” complexes has become increasingly studied. In 2017, the Studer group 
reported that vinyl boronic esters activated with a nucleophile could undergo three-
component coupling with a variety of electrophiles (Scheme 1.30).60 In this example, 
triethylborane acts as a radical initiator. The propagating radical (R2) adds to the “ate” 
complex, which ultimately induces a migration from the four coordinate boron-ate. The 
                                                 
60 Kischkewitz, M.; Okamoto, K.; Mück,-Lichtenfeld, C.; Studer, A. Science, 2017, 355, 936. 
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authors note that when a chiral diol ligand on boron is used instead of pinacol, low levels 
of enantioselectivity are observed (52% ee with (+)-vinylboronic acid pinanediol ester).  
 
Scheme 1.30. Studer’s radical induced three-component coupling 
 
 
 With regards to the mechanism of Studer’s reaction, the authors propose either an 
outer-sphere electron transfer event (Scheme 1.31a) or an inner sphere atom transfer event 
(Scheme 1.31b). In the electron transfer mechanism, α-boryl radical intermediate 1.289 
undergoes oxidation by an equivalent of the electrophile to general the cationic species 
1.290 and regenerates the alkyl radical. 1.290 undergoes facile rearrangement to the 
observed product 1.291. In the atom transfer mechanism, 1.289 undergoes atom transfer to 
an equivalent of the electrophile to furnish α-iodo intermediate 1.292 which upon 1,2-
migration furnishes the observed product 1.291. In order to learn more about the 
mechanism, the authors use Togni’s reagent as a CF3 radical source in the reaction and find 
that the desired product is observed. This experiment supports the electron transfer 
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mechanism, as the atom transfer is not available in this case. The authors therefore 
conclude that the electron transfer mechanism is likely occurring. They also support this 
argument with computations. The Studer group later published that when this reaction was 
performed with enantioenriched boronic esters, complete retention of stereochemistry at 
the migrating carbon was observed although with low levels of diastereoselectivity. In 
these examples the boron was oxidized and enantioenriched α-substituted ketones were 
isolated.61 
 
Scheme 1.31. Proposed mechanisms for Studer’s three-component coupling 
 
 
 Soon after Studer’s report, the Aggarwal group published a similar three-
component coupling reaction except they used blue LEDs and, in certain examples, used a 
photocatalyst to generate the alkyl radicals. (Scheme 1.32). Similar migrating groups and 
electrophiles were used as Studer’s example. The authors propose the same mechanism as 
                                                 
61 Gerleve, C.; Kischkewitz, M.; Studer, A. Angew. Chem. Int. Ed. 2018, 57 doi: 10.1002/anie.201711390 
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the electron transfer mechanism proposed by Studer, but with a different initiation process 
for the alkyl radical.  
 
Scheme 1.32. Aggarwal’s radical induced three-component coupling 
 
 
Soon after Studer’s and Aggarwal’s reports, the Morken group also published a 
similar transformation, but in this case showed that nickel could be used to initiate the 
radical generation (Scheme 1.33).62 Even though nickel is used in this reaction, the authors 
conclude that nickel is not involved in the C-C bond forming steps through a series of 
mechanistic experiments. With electrophiles that are not able to form a stabilized radical, 
an alternative enantioselective mechanism predominates which will be discussed in chapter 
2. These radical-initiated three component couplings are powerful reactions that form two 
C-C bonds and retain a C-B bond for further functionalization, although to date none of the 
radical induced metallate rearrangement reactions have been rendered enantioselective.  
                                                 
62 Lovinger, G. J.; Morken, J. P. J. Am. Chem. Soc. 2017, 139, 17293. 
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Scheme 1.33. Morken’s radical induced three-component coupling 
 
 
1.6 Conclusion 
 The propensity for boron-ate complexes to participate in 1,2-metallate 
rearrangements makes them exceedingly useful reagents for organic synthesis. The ability 
of a wide variety of both halide and non-halide electrophiles to induce such rearrangements 
allows for the construction of complex structures that can be applied to the synthesis of 
high-value targets. The fact that many of these rearrangements are stereospecific at the 
migrating carbon center further highlights their synthetic utility. The development and 
study of reactions of this type has led to significant advances in the field of organoboron 
chemistry. 
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Chapter 2 
Conjunctive Cross-Coupling 
 
2.1 Introduction 
 Enantioselective catalysis using transition metal complexes has become a powerful 
tool in organic synthesis. The ability to use only a small percentage of a chiral reagent to 
obtain single enantiomer products is an important advancement in modern-day asymmetric 
synthesis. Since their advent in the 1960’s and 1970’s by pioneers such as Heck, Suzuki, 
and Negishi, for which they were awarded the Nobel Prize in 2010, palladium-complex 
catalyzed cross-coupling reactions have become ubiquitous across the field of organic 
chemistry. With the continued discovery of methods to expand the scope of cross-coupling 
chemistry, more and more challenging carbon-carbon bond formations are possible, 
including examples to set stereogenic centers. 
As discussed in Chapter 1, a variety of electrophiles is able to induce metallate 
rearrangements. In this chapter, only those examples which make use of a transition metal 
to induce the rearrangement will be discussed (Scheme 2.1).  
 
Scheme 2.1. Metallate rearrangement promoted by an organometallic complex 
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The appealing feature of using a transition metal to induce 1,2-rearrangement is that the 
resulting alkyl metal species (2.2) could be engaged in functionalizations other than 
stoichiometric incorporation into the final product. If this is possible, not only can multi-
component reactions be envisioned, but they could be rendered catalytic in the transition 
metal activator. In the context of a catalytic cycle, this metal-induced metallate 
rearrangement is an elementary step and could be applied to a wide range of catalytic 
transformations. With the use of a chiral ligand, enantioselective transformations may be 
possible, and the products of 1,2-boronate rearrangements in particular may be merged 
with enantioselective transition metal catalysis. 
 
2.2 Background 
 2.2.1. 1,2-Ligand Migration of Organoalanes. Although much less common than 
rearrangements with boron, 1,2-rearrangements on aluminum systems are known.1 In 2004, 
Fillion reported that a catalytic palladium-ligand complex could be used to furnish an 
intramolecular 1,2-ligand migration of organoalanes to form new carbon-carbon bonds 
(Scheme 2.2).2  
 
 
 
 
                                                 
1 (a) Alexakis, A.; Hanaizi, J.; Jachiet, D.; Normant, J.-F.; Toupet, L. Tetrahedron Lett. 1990, 31, 1271. (b) 
Miller, J. A. J. Org. Chem. 1989, 54, 998. (c) Negishi, E.; Akiyoshi, K. J. Am. Chem. Soc. 1988, 110, 646. 
(d) Hoberg, H. Angew. Chem., Int. Ed. Engl. 1966, 5, 513. 
2 Fillion, E.; Carson, R. J.; Trépanier, V. E.; Goll, J. M.; Remorova, A. A. J. Am. Chem. Soc. 2004, 126, 
15354. 
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Scheme 2.2. Fillion’s Pd-catalyzed 1,2-ligand migration of organoalanes 
 
 
 Whereas a reasonable mechanism can be proposed for Fillion’s reaction that 
proceeds via a metal-induced metallate rearrangement, Fillion and co-workers proposed a 
carbopalladation mechanism was operative (Scheme 2.3). Both pathways begin with an 
oxidative addition to intermediate 2.5. Either a Pd-induced metallate rearrangement occurs 
to give 2.6, or a β-migratory insertion (carbopalladation) occurs to give intermediate 2.7. 
The pathways intersect again after this point, with 2.6 undergoing reductive elimination to 
give 2.8, and 2.7 undergoing a 1,2-rearrangement which does a reductive displacement of 
Pd to give 2.8. In both cases, this step will re-generate the Pd(0) complex to continue the 
catalytic cycle. Protop-dealumination of 2.8 gives the observed product 2.4. The authors 
note that yield enhancement for a 2,6-disubstituted aryl triflate supports the 
carbopalladation mechanism although there are non-conclusive data that exclude the Pd-
induced metallate rearrangement pathway. 
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Scheme 2.3. Mechanistic proposals for Fillion’s Pd-catalyzed organoalane rearrangement 
 
 
 2.2.2. 1,2-Ligand Migration of Organoboron Compounds. As shown extensively 
in chapter 1, stoichiometric electrophile induced rearrangements can be used to furnish 
couplings between boronic esters and arenes. While many non-transition metal examples 
were highlighted in Chapter 1, Aggarwal and co-workers have also shown that chromium 
can be used as an activator to induce 1,2-rearrangements on arenes (Scheme 2.4).3 Non-
functionalized arenes are able to participate in the coupling reaction. In many of the non-
transition metal induced rearrangements in Chapter 1, a functional group on the arene is 
                                                 
3 Bigler, R.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2018, 57, 1082. 
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required whereas in this example a Cr(0) complex is able to activate even a simple phenyl 
group. Whereas use of a transition metal complex to induce this migration offers promise 
that catalytic variations could be envisioned, this reaction is still stoichiometric in a 
chromium salt. 
 
Scheme 2.4. Aggarwal’s Cr-induced metallate rearrangement 
 
 
 The proposed mechanism for the Cr-induced metallate rearrangement is shown in 
Scheme 2.5. Cr(0) interacts with an aryl substituted boronic ester “ate” complex to give 
complex 2.17. When the alkyl group on this “ate” complex is a methyl group, a stable 
isolable product is formed and the authors are able to obtain a crystal structure. The crystal 
structure shows a slightly longer CO bond length (1.160 Å vs. 1.152 Å) and slightly 
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shorter Cr—CO bond length (1.828 Å vs. 1.840 Å) when compared to 
[Cr(CO)3(C6H5CH(OEt)2]. This indicates an electron-rich chromium complex which back-
donates into the carbon monoxide ligands. This also manifests as a lower CO IR frequency 
when compared to the chromium species [Cr(CO)3(C6H6)] which is not a boron “ate” 
complex. Collectively, this data indicates the arene, when attached to a boron “ate” 
complex, is more electron rich. The authors propose this electron-rich “ate” complex first 
undergoes oxidation by iodine to give electron-deficient Cr(II) species 2.18. This complex 
is now able to undergo 1,2-rearrangement to afford the intermediate 2.19, which upon 
deborylation gives the Cr(0) bound coupling product 2.20; in the presence of iodine, Cr(0) 
can be released to give the observed product. 
 
Scheme 2.5. Proposed mechanism for the Cr-complex-induced coupling 
 
 
 A variety of non-transition metal electrophiles are able to induce metallate 
rearrangements on alkynyl boron “ate” complexes, although there are only a few examples 
of transition metal-induced boronate rearrangements. In 1983, Wrackmeyer isolated 
alkenylplatinum complex 2.22 when Pt(II)acetylide [Pt(II)(PPh3)2(CC)2] was treated with 
trimethylborane (eq 2.1).4 They propose formation of 2.22 could come from a Pt-complex-
                                                 
4 Sebald, A.; Wrackmeyer, B. J. Chem. Soc. Chem. Commun. 1983, 309. 
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induced metallate rearrangement of the alkynyl “ate” complex 2.21, analogous to what has 
been observed with many other electrophiles (these alkynyl “ate” complexes as discussed 
in Chapter 1). They do not report a use for this complex, or follow up with other 
applications of this rearrangement. Its presence, however, indicates late transition metals 
may act as electrophiles to induce boronate rearrangements. 
 
 
 
 In 2007, Murakami showed that alkynyl boron “ate” complexes could couple to 
aryl halides using a palladium complex (Scheme 2.7).5 A variety of aryl halides were used 
in the reaction, and in all cases, the Z-product (2.25) was observed with the addition of the 
aryl group from boron and the aryl halide adding syn across the alkyne. 
 
Scheme 2.6. Murakami’s synthesis of trisubstituted alkenes with alkynylborates 
 
 
 In order to rationalize the observed stereochemistry, Murakami and co-workers 
propose a carbopalladation mechanism, although they do note that a metal-induced 
                                                 
5 Ishida, N.; Miura, T.; Murakami, M. Chem. Commun. 2007, 4381. 
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metallate rearrangement could also be occurring (Scheme 2.7). Both of Murakami’s 
proposals begin with an oxidative addition to give Pd(II) complex 2.26. Carbopalladation 
to the alkynyl borate would then give intermediate 2.27 which undergoes intramolecular 
transmetalation to produce 2.28. Subsequent reductive elimination gives the observed 
product 2.29. Alternatively, the Pd(II) complex induces the 1,2-metallate rearrangement to 
give 2.30, which upon reductive elimination, gives the same observed product (2.29). 
Crossover experiments show an intramolecular transfer of the group on boron to the 
product, which would be consistent with both mechanisms and rules out intermolecular 
pathways. Due to the isolation only of E-alkenes, the authors favor the carbopalladation 
mechanism to the Pd-induced metallate rearrangement. Typically with electrophile-
induced rearrangements of these alkynyl “ate” complexes, the migrating group and 
electrophile end up anti with respect to one another across the alkyne. 
 
Scheme 2.7. Murakami’s mechanistic proposals 
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 Later, Murakami reported this reaction could be performed with 
alkynyltrialkylborates with a tertiary ammonium moiety,6 allyl electrophiles,7 and 2-
bromopyridine-N-oxide electrophiles.8 They also used B-alkynyl-9-BBN borates in the 
reaction and, interestingly, with these examples the Z-olefin isomer is obtained.9 Whereas 
in this case the authors still propose a carbopalladation mechanism instead of an 
intramolecular transmetalation followed by reductive elimination, an invertive 
displacement of the palladium complex could occur to give the Z-olefin. By changing the 
ligand on palladium, they could turn over the E/Z selectivity of the reaction. Tri(o-
tolyl)phosphine gave the E-alkene whereas XantPhos gave Z. 
Despite the fact that these transition-metal-induced metallate rearrangements show 
promise as catalytic methods to furnish interesting bond formations, none of these 
examples have employed alkenyl systems in which stereocenters could be formed. 
Furthermore, boronic ester substrates where the boronic ester moiety is retained in the 
product have also not been studied. 
 
 2.2.3. Proposal for Conjunctive Cross-Coupling. As shown in Murakami’s 
examples, these reactions have the potential to create powerful C-C bonds through a three 
component coupling of a boronic ester, organolithium or Grignard reactant, and an 
electrophile with a catalytic activator. Importantly, through the use of chiral ligands on the 
transition metal, it should be possible to render these types of coupling reactions 
                                                 
6 Ishida, N.; Narumi, M.; Murakami, M. Org. Lett. 2008, 10, 1279. 
7 Ishida, N.; Shinmoto, T.; Sawano, S.; Miura, T.; Murakami, M. Bull. Chem. Soc. Jpn. 2010, 83, 1380. 
8 Ishida, N.; Ikemoto, W.; Narumi, M.; Murakami, M. Org. Lett. 2011, 13, 3008. 
9 (a) Ishida, N.; Shimamoto, Y.; Murakami, M. Org. Lett. 2009, 11, 5434. (b) Ishida, N.; Shimamoto, Y.; 
Murakami, M. Org. Lett. 2010, 12, 3179. 
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enantioselective, which greatly increases their synthetic utility. Here, we will discuess the 
development of this reaction, termed “conjunctive cross-coupling” (Scheme 2.8). To begin 
these studies, it was questioned whether vinyl-substituted “ate” complex 2.30 would be 
able to undergo induced metallate rearrangement with a chiral palladium ligand complex 
to furnish alkyl palladium intermediate 2.31. If the chiral Pd/ligand complex is able to 
selectively bind one face of the olefin, and if 2.31 is able to undergo reductive elimination 
instead of competing pathways such as β-hydride or β-boryl elimination, enantioenriched 
organoboron compounds (2.32) could be formed. In this chapter the development and 
execution of this reaction will be discussed. 
 
Scheme 2.8. Conjunctive cross-coupling 
 
 
2.3 Development of Conjunctive Cross-Coupling10 
 2.3.1. Proposed Catalytic Cycle. The proposed catalytic cycle for the conjunctive 
cross-coupling is shown in Scheme 2.9. Oxidative addition of phosphine-bound Pd(0) 
complex 2.33 to an electrophile gives Pd(II) intermediate 2.34. Dissociation of the 
counterion followed by coordination of the “ate” complex gives 2.36. This species 
                                                 
10 This work was done in collaboration with Morken group co-workers Liang Zhang, Gabriel Lovinger, 
Adam Szymaniak, and Matteo Chierchia. See: (a) Zhang, L.; Lovinger, G. J.; Edelstein, E. K.; Szymaniak, 
A. A.; Chierchia, M. P.; Morken, J. P. Science, 2016, 351, 70. (b) Zhang, L. Ph. D. Thesis, Boston College, 
Chestnut Hill, MA, 2017. 
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undergoes Pd-induced metallate rearrangement to afford alkyl palladium intermediate 
2.37, which upon reductive elimination gives the desired product. 
 
Scheme 2.9. Catalytic cycle for conjunctive cross-coupling 
 
 
 For initial experiments,11 My co-workers Liang Zhang and Gabriel Lovinger used 
Pd(OAc)2 and phenyl triflate as an electrophile, because it was thought that a non-
coordinating counterion would allow olefin binding to form complex 2.36. By 
investigating both mono- and bidentate phosphine ligands, we found that only bidentate 
ligands furnished the desired product with ferrocene-based bisphosphine ligands, such as 
1,1-bis(diphenylphosphino)ferrocene (DPPF) and 1,1-bis(dicyclohexyl)phosphino 
ferrocene (DCyPF), are most effective. With monodentate phosphine ligands, as well as 
                                                 
11 For additional initial experiments and optimization, see: Zhang, L. Ph. D. Thesis, Boston College, 
Chestnut Hill, MA, 2017. 
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with other achiral non-ferrocene based bisphosphine ligands, a competitive Suzuki reaction 
was often observed in which, instead of undergoing a metallate rearrangement, either the 
migrating group or vinyl group on the boron “ate” complex is transferred to the palladium 
center in a transmetalation (discussed in Scheme 2.11). The Suzuki reaction is often the 
most competitive alternate pathway in this reaction. In terms of boron reagent, both the 
pinacol ester and the neopentyl glycol ester gave the desired coupling product, but during 
the chiral ligand investigation, vinyl boronic acid neopentyl glycol ester was used because 
higher enantioselectivities were typically observed with these substrates. 
 2.3.2. Ligand Investigation. After it was determined that DPPF and DCyPF yielded 
the desired product in a racemic fashion, chiral ligands were investigated and the 
enantiomeric ratios of the products were assessed (Scheme 2.10). Chiral monodentate 
ligands were also explored, although they gave no appreciable yields of the desired product. 
JosiPhos ligands (2.41-2.44) were found to give some isolable product although in low 
enantioselectivity. Catalysts bearing a bidentate ligand with a wider bite-angle were found 
to give the desired product, whereas those with smaller bite angles (2.45 and 2.46) did not 
give any desired product and instead gave a Suzuki reaction. It was found that the 
MandyPhos12 class of ligands gave the desired product in highest yield and 
enantioselectivity. Ligand 2.52 was found to be the optimal ligand for this reaction, giving 
the desired product in 77% yield and 98:2 er. The only ligand within the MandyPhos class 
that did not yield product was the electron-deficient ligand 2.53.  
 
                                                 
12 (a) Hayashi, T.; Yamamoto, A.; Hojo, M.; Ito, Y. J. Chem. Soc., Chem. Commun. 1989, 495. (b) Almena Perea, J. J.; 
Lotz, M.; Knochel, P. Tetrahedron: Asymmetry, 1999, 10, 375. 
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Scheme 2.10. Ligand investigationa 
 
 
 In order to understand why the Mandyphos class of ligands results in high yield and 
enantioselectivity whereas most other classes of ligands result in predominantly Suzuki 
products, one must consider the differences between the two pathways. The variance 
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between the two pathways is dependent on whether the “ate” complex undergoes the metal-
induced metallate rearrangement or a transmetalation. For the conjunctive pathway 
(Scheme 2.11a), the π electrons of the olefin of the “ate” complex bind to the Pd-center, 
which induces the metallate rearrangement. In the Suzuki pathway (Scheme 2.11b), a 
transmetalation occurs in which one of the ligands on boron is transferred to the palladium 
center. B to Pd transmetalation has been well studied, and it has been found that 
transmetalation typically proceeds through a B-O-Pd linkage, where a Pd-OH adds to a 
three-coordinate boron species.13 Under the conjunctive cross-coupling conditions, 
however, a pre-formed “ate” complex is used which, unlike a three-coordinate boron 
species has no open coordination site to form a linkage to the Pd-complex. Furthermore, 
anhydrous conditions are used, so there should be no pathway through which a Pd-OH can 
form. In this case, for a transmetalation to occur, either the O from the diol ligand can add 
to the Pd center to give a B-O-Pd linkage, or an outer sphere transmetalation could occur 
without B to Pd coordination (Scheme 2.11c). Therefore, likely the reason Mandyphos is 
able to promote the metallate rearrangement pathway and not the transmetalation pathway 
is because it provides a significant enough steric environment around the Pd-center in 
which only the olefin binding is accessible. The Pd-center is too sterically encumbered to 
allow binding to the hindered boron center, and therefore transmetalation is retarded. With 
smaller ligands, the Pd-center can approach the B-center and the transmetalation 
predominates. Thermodynamically, the transmetalation should be favored compared to the 
                                                 
13 (a) Matos, K.; Soderquist, J. A. J. Org. Chem. 1998, 63, 461. (b) Carrow, B. P.; Hartwig, J. F.; J. Am. 
Chem. Soc. 2011, 133, 2116. (c) Amatore, C.; Jutand, A.; Le Duc, G. Chem. Eur. J. 2013, 19, 10082. (d) 
Schmidt, A. F.; Kurokhtina, A. A. Kinet. Catal. 2012, 53, 714. (e) Thomas, A. A.; Denmark, S. E. Science, 
2016, 352, 329. (f) Thomas, A. A.; Wang, H.; Zahrt, A. F.; Denmark, S. E. J. Am. Chem. Soc. 2017, 139, 
3805. 
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metallate rearrangement because it results in an C(sp2)-Pd bond, which is stronger than the 
C(sp3)-Pd bond that forms from the metallate rearrangement., and this is likely why the 
conjunctive product is only observed with sterically encumbered ligand frameworks. 
 
Scheme 2.11. Metallate rearrangement vs. transmetalation 
 
 In terms of considering the high enantioselectivity that is observed with the 
Mandyphos ligand class, using a crystal structure obtained of 2.48PdCl2 obtained by Ito 
and Hayashi (Figure 2.1a),14 a stereochemical model can be proposed. We propose after 
oxidative addition and counterion dissociation, the “ate” complex binds to the Pd-complex 
in such a way as to avoid steric interaction between the four-coordinate boron center and 
the diaryl phosphine group. The migration can then occur where the migrating group is not 
in proximity to the adjacent pseudo-axial arene (Figure 2.1b). Changing the steric 
environment on the boron ligands, as well as changing the diarylphosphine effects the 
selectivity of the reaction. If the boron substituents are too large, such as with sterically 
encumbered migrating groups and large diol ligands, it might cause steric interactions 
                                                 
14 (a) Hayashi, T.; Yamamoto, A.; Hojo, M.; Ito, Y. J. Chem. Soc. Chem. Commun. 1989, 495. (b) Hayashi, 
T.; Yamamoto, A.; Hojo, M.; Kishi, K.; Ito, Y.; Nishioka, E.; Miura, H.; Yanagi, K. J. Organomet. Chem. 
1989, 370, 129. 
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between the electrophile that is attached to boron and cause the other face of the alkene to 
approach the Pd-center. 
 
Figure 2.1 Crystal structure and stereochemical model 
 
 
 2.3.3. Optimization of Conditions. Various conditions were explored including the 
effect of the ligand on boron, nature of the migrating group, and type of electrophile used 
(Scheme 2.1). With both alkyl and aryl migrating groups, it was determined that the 
neopentyl ligand on boron gave the product in higher enantioselectivity although in slightly 
lower yield (Table 2.1 entries 1-4). With alkenyl electrophiles, use of the pinacol ligand on 
boron gave both higher yields and enantioselectivity.  
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Table 2.1. Effects of changing boron ligand and electrophilea 
 
 
 2.3.4. Effect of Halide Impurities. Triflate electrophiles are readily accessible from 
the corresponding phenols, although we were interested to see how other electrophiles 
fared in the reaction. Diminished yields were observed when halide-based electrophiles 
were used (Table 2.1). The use of iodo- and bromobenzene instead of phenyl triflate gave 
low yields of the desired product, although the enantioselectivity remained high (Table 2.1, 
entries 2 and 3). Chlorobenzene gave no isolable product (Table 2.1, entry 4). Suspecting 
that halogens may inhibit the reaction, we considered sequestering them by the addition of 
appropriate additives. Silver triflate is often used for this purpose although when added to 
the reaction with the halide electrophiles, no desired product was observed as the boron 
“ate” complex appears to quickly decompose in the presence of silver triflate (Table 2.1, 
entry 5). 
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Table 2.2. Effects of halide-containing reagentsa 
 
 
 We investigated the nature of the counterion for the “ate” complex in the reaction. 
Whereas for optimization, alkyl and phenyl lithium reagents were added to vinyl boronic 
esters, it can also be envisioned that a vinyl nucleophile could be added to a variety of 
boronic esters to access the same boron “ate” complex. Since vinyl magnesium bromide 
and chloride are commercially available, we first examined them as reagents in the reaction 
and found that no desired product was formed (Table 2.2, entries 7 and 8). Interestingly, 
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the same was true when we performed lithium-halogen exchange15 from vinyl bromide and 
employed the resulting vinyllithium in the reaction (Table 2.2, entries 9 and 10). This 
outcome is particularly surprising as the resulting “ate” complex in this case should be the 
same that is obtained when alkyl and aryllithium reagents are added to vinyl boronic esters 
(Table 2.2, entries 1 and 6). Considering that when lithium-halogen exchange reactions are 
performed with two equivalents of tert-butyllithium, one equivalent of lithium halide is 
formed; 16 combined with the observation that when halide electrophiles are used the 
reaction appears to be inhibited, we began to consider that the reaction was inhibited by 
the presence of halides. We considered the catalytic cycle of the reaction, and thought that 
a cationic Pd-complex would be necessary to allow for olefin binding to induce the 
metallate rearrangement. Whereas triflate couterions readily dissociate from Pd-complexes 
to form a cationic species, it is possible that upon oxidative addition with a halide-
containing electrophile, the halide counterion is not able to dissociate from the Pd-complex 
to give a cationic species, and therefore the Pd-complex-induced metallate rearrangement 
can not occur. Furthermore, exogenous halides present in the reaction mixture from a 
Grignard reagent could compete with olefin binding to a cationic Pd-complex, inhibiting 
the reaction. To investigate this hypothesis, we added exogenous lithium halide salts to the 
reaction and found that indeed the yields were diminished even with only 1% of a poisoning 
additive (Table 2.2, entries 10 and 11). LiBr likely has less of a detrimental effect than LiI, 
because of its lower solubility in THF, and therefore it releases less overall halide into the 
                                                 
15 first reports: (a) Wittig, G.; Pockels, U.; Drӧge, H. Ber. Dtsch. Chem. Ges. 1938, 71, 1903. (b) Gilman, 
H.; Langham, W.; Jacoby, A. L. J. Am. Chem. Soc. 1939, 61, 106. Reviews: (c) G. Bailey, W. F.; Patricia, 
J. J. J. Organomet. Chem. 1988, 352, 1. (d) Seyferth, D. Organometallics, 2006, 25, 2. 
16 (a) Corey, E. J.; Beames, D. J. J. Am. Chem. Soc. 1972, 94, 7210. (b) Kluge, H. F.; Untch, K. G.; Fried, J. 
H. J. Am. Chem. Soc. 1972, 94, 7827. (c) Neumann, H.; Seebach, D. Tetrahedron Lett. 1976, 52, 4839. 
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reaction mixture. When the Pd-ligand complex loading was increased to compensate for 
the halide impurity, the yield of the reaction could be recovered (Table 2.2, entry 12). 
Considering that lithium-halogen exchange generates stoichiometric quantities of halide, 
increasing Pd-ligand complex loadings is not a viable solution to overcome halide 
inhibition. In order for the reaction to have a diverse scope, it became apparent that access 
to halide-free vinyllithium was required. 
 
 2.3.5. Synthesis of Halide-Free Vinyllithium. Halide free vinyllithium can be 
readily accessed from a lithium-tin exchange with tetravinyltin.17 Although this is a 
convenient and easy synthesis of vinyllithium, due to the toxicity associated with organotin 
compounds, we sought an alternative route to halide-free vinyllithium. Our initial efforts 
focused on accessing vinyllithium from lithium-halogen exchange and performing a 
purification to remove the lithium-halide salts (Table 2.3). The quality of the vinyllithium 
obtained from lithium-halogen exchange reactions was determined through titrations (to 
measure overall organolithium content), as well as additions to benzaldehyde to measure 
the ratio of vinyllithium to the starting alkyllithium. It was found that we could access 
vinyllithium from the lithium-halogen exchange of vinyl bromide with tBuLi in a 
THF/pentane solvent mixture (Table 2.3, entry 1). However, we found this was often an 
inefficient lithium-halogen exchange and residual tBuLi remained. Furthermore, the 
lithium halide salts were soluble in THF, meaning the vinyllithium was inseparable from 
lithium bromide. This source of vinyllithium did not give any desired product in the 
                                                 
17 Seyferth, D.; Weiner, M. A. J. Am. Chem. Soc. 1961, 83, 3583. 
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conjunctive cross-coupling. Moving to an ether/pentane solvent mixture gave much cleaner 
conversion to the vinyllithium and it appeared that the lithium bromide salts were less 
soluble in ether/pentant than in THF; although after trying to filter the vinyllithium away 
from lithium bromide, it was still not possible to obtain vinyllithium that gave product in 
the conjunctive cross-coupling (Table 2.3, entry 2). Since purifying the vinyllithium to free 
it from the halide impurities was not a viable solution, we examined lithium-halogen 
exchange reactions with reagents that did not generate stoichiometric lithium halide salts. 
In many cases, one equivalent of nBuLi can be used instead of two equivalents of tBuLi 
for lithium-halogen exchange,18 but when this was attempted on vinyl bromide, no 
vinyllithium formation was observed (Table 2.3 entry 3). We then employed vinyl iodide, 
which more readily undergoes lithium-halogen exchange compared to the bromide.19 Now, 
lithium-halogen exchange occurred with one equivalent of nBuLi and, finally, some 
product was observed when this vinyllithium was used in the conjunctive cross-coupling 
(Table 2.3, entry 4). A lower yield indicates perhaps a minute amount of detrimental 
lithium iodide is formed in this lithium halogen exchange, although not enough to 
completely inhibit the reaction. Increasing the palladium complex loading from 1% to 5% 
overcomes this detriment and the yield is nearly restored (Table 2.2, entry 5). It was also 
found that this vinyllithium could be recrystallized at low temperatures in ether, and then 
washed to remove some of the small amount of lithium iodide formed. With this 
vinyllithium the palladium complex loading could be lowered to 2% (Table 2.3, entry 6). 
                                                 
18 Lau, K. S. Y.; Schlosser, M. J. Org. Chem. 1978, 43, 1595. 
19 (a) Cooke, M. P. J. Org. Chem. 1984, 49, 1144. (b) Reich, H. J.; Phillips, N. H.; Reich, I. L. J. Am. 
Chem. Soc. 1985, 107, 4101. 
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With two methods now available to access vinyl boron “ate” complexes, we sought to 
explore the scope of the conjunctive cross-coupling.  
 
Table 2.3. Synthesis of halide-free vinyllithiuma 
 
 
2.4 Scope and Utility 
 2.4.1. Scope of the Method with Vinyl Boronic Esters. We investigated the scope 
of the reaction with a variety of migrating groups from commercially available lithium 
sources with aryl and alkenyl triflate electrophiles (Scheme 2.12). Both aryl and alkyl 
migrating groups and aryl and alkenyl triflate electrophiles work in the reaction. Similar 
levels of enantioselectivity are seen for electron-poor and electron-rich electrophiles (2.60 
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and 2.65). Whereas sterically encumbered 2.61 is formed in good selectivity, the presence 
of two ortho- substituents on the electrophile causes a diminution in enantioselectivity 
(2.62). As mentioned above, with alkenyl electrophiles both higher yield and selectivity 
were observed when pinacol was used as the ligand for boron instead of neopentyl glycol. 
Although a variety of migrating groups are competent in the reaction, with this method 
migrating groups derived from organolithium reagents that aren’t commercially available 
must be prepared, and this is tedious. 
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Scheme 2.12. Substrate scope with alkyl and aryl lithium reagentsa 
 
 
  2.4.2. Scope of Method with Vinyllithium. With access to halide-free vinyl 
lithium as described in Section 2.3.4., now a wide variety of commonly available boronic 
esters cam be used in the reaction. This increases the synthetic utility of this method, as 
migrating groups that are not available as the commercial lithium reagent can be used. 
Using this vinyllithium, we explored the scope of migrating groups that are competent in 
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the reaction (Scheme 2.13). The reaction works just as efficiently with vinyllithium as 
when PhLi or nBuLi is used (Scheme 2.13 2.55 and 2.40 compared to Scheme 2.12). 
Secondary alkyl groups migrate in good yield and selectivity (2.73 and 2.74) as do a variety 
of substituted arenes. Ortho-substitution does not negatively impact the yield or selectivity 
of the reaction unless both the 2- and 6- positions are substituted, in which case, the 
enantioselectivity is diminished, although the yield remains high (2.78 and 2.80).  
 
Scheme 2.13. Substrate scope with vinyllithiuma  
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 2.4.3. Limitations of Cross-Coupling. There are some substrates that are inefficient 
in the conjunctive cross-coupling (Scheme 2.14). Electron-poor migrating groups such as 
a para-trifluoromethyl phenyl group did not perform well in the reaction (2.84). Unlike 
most alkyl groups that worked efficiently in the reaction, methyl and benzyl groups did not 
participate in the reaction (2.85 and 2.86), nor did pyridyl substrates (2.87 and 2.88).  
 
Scheme 2.14. Limitations of conjunctive cross-couplinga 
 
 
 2.4.4. Utility. In order to highlight the synthetic utility of this reaction a small 
natural product (—)-combretastatin20 (2.92) was synthesized in only two steps by co-
worker Gabriel Lovinger (Scheme 2.15). First, the conjunctive cross-coupling was 
performed with a trimethoxy-substituted phenyl migrating group (2.89) and functionalized 
aryl triflate electrophile (2.90). In situ oxidation of the boronic ester to the alcohol followed 
by TBAF deprotection of the silyl protecting group afforded the desired product (2.92) in 
high yield with good enantioselectivity. 
                                                 
20 (a) Pettit, G. R.; Cragg, G. M.; Herald, D. L.; Schmidt, J. M.; Lohavanijaya, P. Can. J. Chem. 1982, 60, 
1374. (b) for other syntheses see: Singh, R.; Kaur, H. Synthesis, 2009, 2009, 2471. 
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Scheme 2.15. Total synthesis of (—)-combretastatina 
 
 
2.5 Mechanistic Insights 
 2.5.1. Plausible Pathways. The reaction is believed to proceed through a 1,2-
metallate rearrangement (Scheme 2.16a), although an alternative mechanism can be 
proposed that proceeds via a carbopalladation analogous to that proposed by Murakami 
(Scheme 2.16b). In the 1,2-metallate rearrangement mechanism (Scheme 2.16a), the 
palladium complex initiates an anti migration across the olefin (2.93 to 2.94) which is 
followed by reductive elimination to give 2.95. This results in a product in which the 
migrating group and electrophile are added on opposite faces of the olefin. In the 
carbopalladation mechanism (Scheme 2.16b), a syn palladation (2.93 to 2.96) is followed 
by intramolecular transmetalation (2.96 to 2.97) and then a reductive elimination which 
results in a product 2.95 in which the migrating group and the electrophile are added across 
the same face of the olefin. Due to the stereochemical difference between these two 
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pathways, a deuterium labeling experiment can be performed that would be able to 
distinguish between them. 
 
Scheme 2.16. Possible reaction pathways 
 
 
 2.5.2. Deuterium-Labeling.21 The two pathways described above can be 
distinguished through the use of deuterium labeled vinyllithium (Scheme 2.17). Trans 
deuterated vinyllithium (2.99) can be synthesized from trans-1,2 
Bis(tributylstannyl)ethene (see experimental), and when used in the reaction only one 
diastereomer of 2.101 is observed. The configuration of the product was confirmed through 
NMR coupling constant analysis of the resulting product 2.102 after ozonolysis, reduction, 
and acetonide protection. This result of this experiment supports the Pd-induced metallate 
shift mechanism. The other diastereomer of product would be formed if the 
carbopalladation mechanism followed by intramolecular transmetalation/reductive 
elimination pathway occurred.  
 
                                                 
21 The deuterium labeling experiment was performed by Dr. Liang Zhang. For more details see: Zhang, L. 
Ph. D. Thesis, Boston College, Chestnut Hill, MA, 2017. 
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Scheme 2.17. Deuterium labeling experimenta  
 
 
 There is, however, an alternative mechanism that could still proceed through a syn 
carbopalladation mechanism that would give the same diastereomer of product that was 
observed (Scheme 2.18). In this pathway, syn carbopalladation (2.103 to 2.104) occurs but 
instead of an intramolecular transmetalation, the migrating group undergoes an invertive 
displacement of a palladium complex (2.104 to 2.105) to regenerate a Pd(0) complex and 
furnish the same diastereomer of product that would be given with the metallate 
rearrangement pathway. Whereas the deuterium labeling experiment did not allow us to 
distinguish between these two pathways, DFT calculations using the M06/def2-
TZVPP//BP86/def2-SVP level of theory indicate the 1,2-metallate rearrangement pathway 
is favored. With the carbopalladation pathway, a much higher energy barrier is required to 
adopt the proper conformation for the carbopalladation occur. 
 
Scheme 2.18.  Alternative pathway not involving a Pd-induced metallate rearrangement to 
lead to the observed diastereomer 
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2.6 Recent Advances in Catalytic Conjunctive Cross-Coupling 
 2.6.1. Use of Grignard Reagents. Since the initial report of the conjunctive cross-
coupling there have been several notable advancements to the reaction. As discussed 
above, whereas vinyl Grignard reagents are readily commercially available and would offer 
convenient access to vinyl-containing boron “ate” complexes, attempts to use these 
reagents in the conjunctive cross-coupling afforded no desired product. It was thought this 
was due to the halide inhibition that was discussed earlier. Recently, co-workers in the 
Morken group have developed conditions that tolerate the presence of stoichiometric halide 
inherently present with Grignard reagents and halide electrophiles (Scheme 2.19).22 The 
conjunctive cross-coupling reaction can be performed now both with Grignard reagents 
and halide electrophiles when sodium or potassium triflate salts are used as additives in a 
THF/DMSO solvent mixture. These additives act to sequester the halide inhibitors and are 
compatible with the boron “ate” complex under the reaction conditions.  
 
Scheme 2.19. Halide tolerance in the conjunctive cross-coupling 
 
                                                 
22 Lovinger, G. J.; Aparece, M. D.; Morken, J. P. J. Am. Chem. Soc. 2017, 139, 3153. 
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 2.6.2. Catalytic Conjunctive Cross-Coupling with Nickel Complexes. Co-workers 
in the Morken lab have also shown that not only palladium complexes, but nickel 
complexes can also be used to induce 1,2-metallate rearrangements with vinyl boron “ate” 
complexes. It was recently reported that alkyl 9-BBN derivatives can undergo conjunctive 
cross-coupling in the presence of nickel and chiral diamine ligand 2.110 with aryl iodides 
resulting in nickel complex-induced conjunctive cross-coupling (Scheme 2.20).23 A 
deuterium-labeling experiment supports a Ni-complex-induced metallate rearrangement 
pathway, similar to that proposed with the palladium system. This opens the reaction scope 
to include aryl iodide electrophiles and shows that other boron species other than boronic 
ester “ate” complexes can be employed in this reaction.  
 
Scheme 2.20. Ni-catalyzed conjunctive cross-coupling with B-alkyl-9-BBN “ate” complexes 
 
 
 Soon after it was determined that Nickel complexes are able to be used as catalysts 
in the conjunctive cross-coupling, Morken group co-workers also disclosed that nickel with 
a PyBox ligand can be used in conjunctive cross-coupling with boronic ester “ate” 
complexes and alkyl electrophiles to give enantioenriched products (Scheme 2.21).24 
                                                 
23 Chierchia, M.; Law, C.; Morken, J. P. Angew. Chem. Int. Ed. 2017, 56, 11870. 
24 Lovinger, G. J.; Morken, J. P. J. Am. Chem. Soc. 2017, 139, 17293. 
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Whereas many alkyl electrophiles gave the desired enantioenriched product in good yield 
and selectivity, with alkyl electrophiles that are able to form stabilized radicals (e.g. α-iodo 
carbonyls), the radical mechanism predominates to give racemic products as discussed in 
chapter 1, whereas with alkyl electrophiles that do not form a stabilized radical the Ni-
induced metallate rearrangement pathway occurs. This expands the scope of the 
conjunctive reaction to include other classes of electrophiles other than aryl and alkenyl 
groups. 
 
Scheme 2.21. Nickel-catalyzed conjunctive cross-coupling with alkyl electrophiles 
 
 
 2.6.3. Migrating to Substituted Alkenes. Recent work by Morken group co-
workers has also shown that the conjunctive cross-coupling can be applied to systems 
involving migrating to substituted alkenes (Scheme 2.22). The conjunctive cross-coupling 
can be applied to α-substituted alkenyl boron-ate complexes to yield enantioenriched 
tertiary boronic esters (2.115) (Scheme 2.22a).25 When β-substituted alkenyl boron-ate 
complexes are used in the reaction enantioenriched products with two stereocenters are 
obtained in excellent enantio- and diastereoselectivity (2.117) (Scheme 2.22b).26 In these 
                                                 
25 Myhill, J. A.; Zhang, L.; Lovinger, G. J.; Morken, J. P. Manuscript in Preparation.  
26 Myhill, J. A.; Wilhelmsen, C. A.; Zhang, L.; Morken, J. P. Manuscript in Preparation. 
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examples, a different diol boron ligand is required which suppresses competitive Suzuki-
Miyaura cross-coupling. 
 
Scheme 2.22. Migrating to substituted alkenes 
 
 
2.7 Applying Bis(alkenyl) “ate” Complexes in Conjunctive Catalytic Cross-
Coupling27 
 2.7.1. Using Bis(alkenyl) “ate” Complexes in Conjunctive Catalytic Cross-
Coupling. After demonstrating that the conjunctive cross-coupling offered unique 
reactivity and a new way to create carbon-carbon bonds, we sought to apply the reaction 
to deliver products that are challenging to make with other methods. The three-component 
coupling offers a modular synthesis of complex enantioenriched products that are not 
otherwise readily accessible. One of the classes of substrates we sought to apply this 
                                                 
27 Edelstein, E. K.; Namirembe, S.; Morken, J. P. J. Am. Chem. Soc. 2017, 139, 5027. 
79 
method to was enantioenriched allyl boron compounds. The utility of these substrates, and 
methods for their synthesis by the use of other catalytic methods will be discussed in 
Chapter 3; their application in cross-coupling reactions will be discussed in Chapter 4.  
 The conjunctive cross-coupling offers a complement to the syntheses of 
enantioenriched allylboron reagents due to its inherent ability to incorporate any alkene 
substitution pattern into the product (Scheme 2.23). The alkene substitution pattern and 
geometry of the product is dictated by the configuration of the boronic ester starting 
material. In order for the reaction to give the desired product, the palladium center must be 
able only to activate one of the alkenes towards migration. Otherwise, a mixture of 
branched and linear products were observed. If the palladium center exclusively activates 
the less sterically encumbered alkene to induce a migration, and the olefin geometry of the 
starting boronic ester remains unchanged, then a wide variety of substituted 
enantioenriched boronic esters could be synthesized.  
 
Scheme 2.23. Conjunctive cross-coupling to access allylic boronic esters of varying alkene 
substitution patterns 
 
  
 2.7.2. Optimization of Boron and Palladium Ligands. Initial results were 
performed with hexenyl boronic acid neopentyl glycol ester (2.121) and employed 
analogous conditions to that of the original conjunctive cross-coupling (Scheme 2.24). 
Although boronic acid neopentyl glycol esters worked efficiently in the first conjunctive 
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cross-coupling, they gave low isolated yield of the allylic boronic ester (2.122). There was 
a significant amount of remaining starting material (2.121), Suzuki cross-coupling product 
(2.124), as well as products arising from the decomposition of the allylboron product 
through a borotropic rearrangement (2.125),28 followed by protodeboration (2.126) 
(Scheme 2.24). The presence of these borotropic rearrangement and protodeboration 
products indicate the problem with using the noepentyl glycol boron ligand is that that 
resulting allylic boronic ester is not stable and undergoes decomposition under the reaction 
conditions.  
 
Scheme 2.24. Products observed with B(neo) starting material 
 
 
 We then turned to investigating other diol ligands on boron in an attempt to uncover 
a diol ligand that results in an allylic boronic ester product that is stable to the reaction 
conditions (Table 2.4). Using the pinacol ligand on boron gave much higher isolated yields 
although with slightly lower enantioselectivity (Table 2.4, entry 2). Larger boron ligands, 
such as 2-4-dimethylpentanediol (Table 2.4, entry 3), gave good yield but low 
enantioselectivity. Smaller ligands such as propanediol (Table 2.4, entry 4) and ethylene 
glycol (not shown) had the same issues as with the neopentyl ligand, where the allylboron 
                                                 
28 See Chapter 1, ref 55. 
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product was not stable and rearrangement and protodeboration products were observed. In 
these cases, desired product was not isolated. 
 
Table 2.4. Initial results for conjunctive cross-coupling with bis(alkenyl)boratesa 
 
 
 Because we were limited to using the pinacol ligand for boron, we turned to the 
optimization of the palladium ligand in an attempt to achieve higher selectivity (Table 2.5). 
In these cases, the more competitive side reaction was the Suzuki-Miyaura reaction was 
competitive to give products 2.129 and 2.130. Unfortunately, similar to the initial 
conjunctive cross-coupling, it was found that the MandyPhos class of ligands was one of 
the only classes that offered high yield and selectivity of the desired product. The same 
ligand that was used in the original report 2.52 was found to offer the highest yield and 
selectivity. Other ligands, including monodentate ligands gave exclusively Suzuki-
Miyaura products. Little change was observed with changing solvent, temperature and 
catalyst loadings, so with these conditions in hand the scope of the reaction was explored. 
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Table 2.5. Ligand investigationa 
 
 2.7.3. Scope. First, the scope of the alkenyl boron migrating groups were 
investigated (Scheme 2.25). A variety of substituted alkenyl boronic esters was used in the 
reaction. Both alkyl and aryl substituted alkenes were competent in the reaction and gave 
generally good yields and good levels of enantioselectivity. Olefin geometry was 
maintained in all cases, which allowed the use of Z-substituted (2.149 and 2.150) β,β-
disubstituted (2.151),  and α-substituted (2.147 and 2.154) substrates, although lower 
selectivity was typically observed. A simple vinyl group migrates efficiently with good 
selectivity from a divinyl “ate” complex (2.148), as can a diene (2.141). Lastly, the 
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geometry of the olefin in the boronic ester is maintained in the reaction, allowing for the 
product geometry to be controlled by substrate design. 
 
Scheme 2.25. Substrate scope for migrating groupsa 
 
 
 The scope of electrophiles was then explored (Scheme 2.26). Similar aryl and 
alkenyl electrophiles that were effective in the original conjunctive report were competent 
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in this reaction. With potassium triflate as an additive as discussed above allows for the use 
of bromide electrophiles (2.161 and 2.164).   
 
Scheme 2.26. Scope of electrophilesa 
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 2.7.4. Utility. To highlight the utility of this reaction, we demonstrated that vinyl 
magnesium chloride is effective in the reaction but in certain cases gave decreased yields 
(Scheme 2.27a). Sodium triflate is used as an additive to sequester the halide from the 
Grignard reagent as described in Scheme 2.18. The product is isolated in slightly lower 
yield but with the same selectivity observed with the lithium reagent. Along the same lines, 
it was determined vinyllithium that is obtained from lithium halogen exchange can also 
now operate in the reaction when potassium triflate is used as an additive (Scheme 27b). 
This vinylllithium requires no purification before its use in the reaction. 
 
Scheme 2.27. Alternatives to halide free vinyllithiuma 
 
  
 During the development of this reaction, it was also found that the “ate” complex 
formed during the reaction is a relatively stable species. The solution of “ate” complex can 
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be concentrated to dryness and gives a white solid (Figure 2.2) that can be used in the 
reaction at a later time (Scheme 2.28). The “ate” complex is hygroscopic and not stable 
open to air, although if it is stored under nitrogen or argon, it can be kept for several months 
and later used in a reaction with no diminution in yield or selectivity. 
 
Scheme 2.28. Storable “ate” complex in a reactiona         Figure 2.2. “ate” Complex 
 
 
 To highlight the synthetic utility of enantioenriched allylboron reagents, oxidation, 
amination,29 and allylation30 reactions were performed (Scheme 2.29). These reactions 
proceed in good yields with complete enantioretention. Stereospecific transformations of 
allylic boronic esters will be discussed further in chapters 3 and 4. 
 
  
                                                 
29 Mlynarski, S. N.; Karns, A. S.; Morken, J. P. J. Am. Chem. Soc. 2012, 134, 16449. 
30 Chen, J. L.-Y.; Scott, H. K.; Hesse, M. J.; Willis, C. L.; Aggarwal, V. K. J. Am. Chem. Soc. 2013, 135, 
5316. 
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Scheme 2.29. Utility of enantioenriched allylboron reagentsa 
 
 
2.8 Conclusion 
 The development of a three-component conjunctive cross-coupling reaction and its 
application to the synthesis of a diverse array of enantioenriched allylic boronic esters is 
described. Not only are synthetically useful products formed, but the described metal-
induced metallate rearrangement offers an unprecedented mechanistic pathway that can be 
applied to other systems. We envision the transition metal-induced metallate 
rearrangement acting as an elementary step that could be incorporated to a wide range of 
catalytic transformations. Further development in this area of chemistry is ongoing, 
including further mechanistic investigations, and the applications to new classes of 
substrates. 
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2.9 Experimental 
 2.9.1. General Information. 1H NMR spectra were recorded on either a Varian 
Gemini-500 (500 MHz) or Varian Gemini-600 (600 MHz) spectrometer. Chemical shifts 
are reported in ppm with the solvent resonance as the internal standard (CDCl3: 7.26 ppm). 
Data are reported as follows: integration, chemical shift, multiplicity (s = singlet, d = 
doublet, t = triplet, q = quartet, p = pentet, m = multiplet, br = broad, app = apparent), and 
coupling constants (Hz). 13C NMR spectra were recorded on either a Varian Gemini-500 
(125 MHz) or a Varian Gemini-600 (150 MHz) spectrometer with complete proton 
decoupling. Chemical shifts are reported in ppm with the solvent resonance as the internal 
standard (CDCl3: 77.16 ppm). 11B NMR spectra were recorded on a Varian Gemini-500 
(160 MHz). Chemical shifts are reported in ppm with an external standard (BF3·Et2O: 0 
ppm). 19F NMR spectra were recorded on a Varian Gemini-500 (470 MHz) spectrometer 
or Varian Gemini-600 (564 MHz) spectrometer. Infrared (IR) spectra were recorded on a 
Bruker alpha-P Spectrometer. Frequencies are reported in wavenumbers (cm-1) as follows: 
strong (s), broad (br), medium (m), and weak (w). Optical rotations were measured on a 
Rudolph Analytical Research Autopol IV Polarimeter. High-resolution mass spectrometry 
(DART and ESI) was performed at the Mass Spectrometry Facility, Boston College, 
Chestnut Hill, MA. Liquid chromatography was performed using forced flow (flash 
chromatography) on silica gel (SiO2, 230 x 450 Mesh) purchased from Silicycle or with a 
Biotage Isolera One equipped with full wavelength scan. Thin layer chromatography 
(TLC) was performed on 25 μm silica gel glass backed plates from Silicycle. Visualization 
was performed using ultraviolet light (254 nm), ceric ammonium molybdate (CAM) in 
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ethanol, phosphomolybdic acid and cerium(IV) sulfate in ethanol with sulfuric acid 
(Seebach), ninhydrin, or potassium permanganate. 
Analytical chiral supercritical fluid chromatography (SFC) was performed on a 
TharSFC Method Station II equipped with Waters 2998 Photodiode Array Detector with 
isopropanol or methanol as the modifier.  
All reactions were conducted in oven- or flame-dried glassware under an inert 
atmosphere of nitrogen or argon. Tetrahydrofuran (THF), diethyl ether (Et2O), 
dichloromethane (CH2Cl2) and toluene were purified using Pure Solv MD-4 solvent 
purification system, from Innovative Technology, Inc., by passing the solvent through two 
activated alumina columns after purging with argon. Pd(OAc)2, dCyPF, and DPPF were 
purchased from Strem Chemicals, Inc. and used without further purification. 2.52 was 
generously donated by Solvias. All other reagents were purchased from either Aldrich, Alfa 
Aesar, Acros, Oakwood Chemicals, Combi Blocks, or TCI and were used without further 
purification. 
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2.9.2. Experimental Information  
  2.9.2.1. Conjunctive Cross-Coupling 
   2.9.2.1.1. Procedures for the Preparation of Boronic Esters 
 
 
 
5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39).  To an oven-dried 250 
mL round bottom flask with magnetic stir bar under N2 was added 
trimethylborate (2.174) (9.95 g, 95.80 mmol, 1.78 eq) and 50 ml of THF. The mixture was 
allowed to cool to -78 ℃ and vinyl magnesium bromide (60 ml, 0.90M, 54 mmol, 1.0 eq) 
was added over 2 hours via syringe pump. After addition of vinyl magnesium bromide the 
mixture was allowed to warm to room temperature and stir for 8 hours, after which 1M 
HCl (aq) (30 mL) was added followed by 25 mL of deionized water and the reaction 
solution was allowed to stir at room temperature for 2 hours. The reaction solution was 
extracted with 6 x 50 mL of Et2O and the combined organic layers were washed with 50 
mL of deionized water, and 50 mL of brine, dried over Na2SO4, filtered with Et2O and the 
solvent was removed under reduced pressure. To the resulting oil (2.175) was added 
pentane (30 mL). The suspenstion was allowed to cool to 0 °C and 2,2-dimethyl-1,3-
propanediol (neopentyl glycol) (1.05 eq) was added neat and the reaction solution was 
allowed to warm to room temperature and lef to stir at room temperature for 3 hours. The 
water layer was removed and the resulting pentane solution was dried with over Na2SO4, 
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filtered with Et2O, and the solvent was removed under reduced pressure. The crude product 
was purified by vacuum distillation (under house vac) while heating to 83 ℃.  The product 
was isolated as clear colorless oil (5.81 g, 77 % yield). All spectral data was in accord with 
the literature.31 
 
 
 
2-butyl-5,5-dimethyl-1,3,2-dioxaborinane (2.177). To an oven-
dried 250 mL round bottom flask with magnetic stir bar under N2 
was added trimethylborate (1.174) (11.21 g, 106.8 mmol, 1.78 eq) and 50 mL of THF. The 
mixture was allowed to cool to -78℃ and nBuLi (23.72 mL, 2.53M, 60 mmol, 1.0 eq) was 
added over 2 hours via syringe pump. After addition of nBuLi the reaction solution was 
allowed to warm to room temperature and lef to stir at room temperature for 8 hours, after 
which 1M HCl (aq) (30 ml) was added and the reaction solution was allowed to stir at room 
temperature for 2 hours. The reaction solution was extracted with 4 x 20 mL of Et2O and 
the combined organic layers were washed with brine, dried with sodium sulfate, filtered 
with Et2O and the solvent was removed under reduced pressure. To the resulting oil (2.176) 
was added pentane (30 mL). The suspenstion was allowed to cool to 0 °C and 2,2-dimethyl-
1,3-propanediol (neopentyl glycol) (1.05 eq) was added neat and the reaction solution was 
allowed to warm to room temperature and allowed to stir at room temperature for 3 hours. 
                                                 
31 Kaminsky, L.; Wilson, R. J.; Clark, D. A. Org. Lett. 2015, 17, 3126. 
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The water layer was removed and the resulting pentane solution was dried with over 
Na2SO4, filtered with Et2O, and the solvent was removed under reduced pressure. The 
crude residue was purified on a silica gel plug with CH2Cl2 to afford the product as clear 
colorless oil (5.26 g, 52% yield). All spectral data is in accord with the literature.32 
 
 
General procedure for the preparation of boronic esters from boronic acids. To an oven-
dried round bottom flask with magnetic stir bar was added boronic acid (1.0 eq) and 
pentane. The suspension was allowed to cool to 0 °C and 2,2-dimethyl-1,3-propanediol 
(neopentyl glycol) (1.05 eq) was added neat and the reaction solution was allowed to warm 
to room temperature and left to stir at room temperature for 3 hours. If a water layer was 
observed it was removed and the resulting pentane solution was dried with over Na2SO4, 
filtered with Et2O, and the solvent was removed under reduced pressure. The resulting 
residue was purified on silica gel (plug using CH2Cl2 as the eluent). 
 
5,5-dimethyl-2-phenyl-1,3,2-dioxaborinane (2.54).  Preparted 
according to the general procedure above with phenylboronic acid 
(0.268 g, 22.0 mmol), neopenty glycol (2.41 g, 23.1 mmol), and pentane (60 mL). The 
resulting white solid (4.18 g, quantitative yield) was used without further purification. All 
                                                 
32 Blakemore, P. R.; Marsden, S. P.; Vater, H. D.Org. Lett. 2006, 8, 773. 
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spectral data was in accordance with the literature.33 This compound is also commercially 
available [CAS: 5123-13-7]. 
 
2-(4-methoxyphenyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.178). 
Prepared according to the general procedure above with 4-
methoxyphenylboronic acid (0.4559 g, 3.0 mmol), neopentyl glycol (0.328 g, 3.15 mmol) 
and pentane (9.0 mL). The crude residue was purified on a silica gel plug with CH2Cl2 to 
afford the product as white solid (0.650 g, 98%). All spectral data was in accordance with 
the literature.34 
 
2-(4-chlorophenyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.179). 
Prepared according to the general procedure above with 4-
chlorophenylboronic acid (0.4691 g, 3.0 mmol), neopentyl glycol (0.328 g, 3.15 mmol), 
and pentane (9 mL). The crude residue was purified on a silica gel plug with CH2Cl2 to 
afford the product as white solid (0.667 g, 99% yield). All spectral data was in accordance 
with the literature.35 
 
5,5-dimethyl-2-(o-tolyl)-1,3,2-dioxaborinane (2.180). Prepared 
according to the general procedure above with o-tolylboronic acid 
(0.4079 g, 3.0 mmol), neopentyl glycol (0.328 g, 3.15 mmol), and pentane (9.0 mL). The 
                                                 
33 Tobisu, M.; Kinuta, H.; Kita, Y.; Rémond, E.; Chatani, N. J. Am. Chem. Soc. 2012, 134, 115. 
34 Rosen, B. M.; Huang, C.; Percec, V. Org. Lett. 2008, 10, 2597. 
35 Zhao, Y.; Snieckus, V. Angew. Chem. Int. Ed. 2014, 356, 1527. 
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crude residue was purified on a silica gel plug with CH2Cl2 to afford the product as  
colorless oil (0.611 g, quantitative yield). All spectral data was in accordance with the 
literature.36 
 
2-(2,6-dimethylphenyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.181). 
Prepared according to the general procedure above with 2,6-
dimethylphenylboronic acid (0.4499 g, 3.0 mmol), neopentyl glycol 
(0.328 g, 3.15 mmol), and pentane (9.0 mL). The crude residue was purified on silica gel 
plug with CH2Cl2 to afford the product as white solid (0.558 g, 85%). 1H NMR (600 MHz, 
CDCl3) δ 7.09 (1H, t, J = 7.8 Hz), 6.93 (2H, d, J = 7.8 Hz), 3.78 (4H, s), 2.38 (6H, s), 1.09 
(6H, s). 13C NMR (150 MHz, CDCl3) δ 140.58, 128.59, 126.48, 77.37, 77.16, 76.95, 72.38, 
31.79, 22.40, 22.37. 11B NMR (192 MHz, CDCl3) δ 26.25. IR (neat) νmax 3056.7 (w), 
2960.3 (w), 2931.5 (w), 1596.3 (w), 1475.0 (m), 1455.3 (m), 1292.4 (s), 1246.2 (m), 1029.0 
(w), 768.6 (m), 694.3 (m), 699.1 (m) cm-1. HRMS (DART+) for C13H20BO2 [M+H]+ 
calculated: 219.1556, found: 219.1557. 
 
2-(3,5-dimethylphenyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.182). 
Prepared according to the general procedure above with 3,5-
dimethylphenylboronic acid (0.4499 g, 3.0 mmol), neopentyl glycol (0.328 g, 3.15 mmol), 
and pentane (9.0 mmol). The crude residue was purified with silica gel plug with CH2Cl2 
                                                 
36 Ukai, K.; Aoki, M.; Takaya, J.; Iwasawa, N. J. Am. Chem. Soc. 2006, 128, 8706. 
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to afford the product as white solid (0.479 g, 73%). All spectral data was in accordance 
with the literature.36 
 
5,5-dimethyl-2-(naphthalen-2-yl)-1,3,2-dioxaborinane (2.183). 
Prepared according to the general procedure above with 2-
napthylboronic acid (2.00 g, 11.6 mmol), neopentyl glycol (1.27 g, 12.18 mmol), and 
pentane (100.0 mL). The crude residue was purified on a silica gel plug with CH2Cl2 to 
afford the product as white solid (2.79 g, quantitative yield). All spectral data was in 
accordance with the literature.36 
 
4-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-N,N-diphenylaniline 
(2.184). Prepared according to the general procedure above with 
4-(diphenylamino)phenylboronic acid (0.4935 g, 1.7 mmol, 1 equiv.), neopentyl glycol 
(0.187 g, 1.79 mmol, 1.05 equiv.), and pentane (10 mL). The crude residue was purified 
on a silica gel plug with CH2Cl2 to afford the product as white solid (0.466 g, 77%). All 
spectral data was in accordance with the literature.37 
 
2-cyclohexyl-5,5-dimethyl-1,3,2-dioxaborinane (2.185).  Prepared 
according to the general procedure above with cycylohexylboronic acid 
(1.98 g, 15.5 mmol), neopentyl glycol (1.70 g, 16.28 mmol), and pentane 
(100 mL). The crude residue was purified on a silica gel plug with CH2Cl2 to afford the 
                                                 
37 Goodall, W.; Williams, J. A. Chem. Commun. 2001, 23, 2514. 
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product as colorless oil (3.00 g, 99% yield). All spectral data was in accordance with the 
literature.38 
 
2-isobutyl-5,5-dimethyl-1,3,2-dioxaborinane (2.186). Prepared 
according to the general procedure above with (2-
methylpropyl)boronic acid (0.3058 g, 3.0 mmol), neopentyl glycol (0.328 g, 3.15 mmol), 
and pentane (9.0 mL). The crude residue was purified on a silica gel plug with CH2Cl2 to 
afford the product as colorless oil (0.398 g, 78% yield). All spectral data was in accordance 
with the literature.39 
 
5,5-dimethyl-2-(3,4,5-trimethoxyphenyl)-1,3,2-dioxaborinane 
(2.89). Prepared according to the general procedure above with 
3,4,5-trimethoxyphenylboronic acid (1.91 g, 9.0 mmol), neopentyl glycol (0.984 g, 9.45 
mmol), and pentane (100.0 mL). The crude residue was purified on a silica gel plug with 
CH2Cl2 to afford the product as white solid (2.52 g, quantitative yield). 1H NMR (600 MHz, 
CDCl3) δ 7.04 (2H, s), 3.89 (6H, s), 3.87 (3H, s), 3.76 (4H, s), 1.02 (6H, s). 13C NMR (150 
MHz, CDCl3) δ 152.78, 140.34, 110.31, 72.32, 60.75, 56.02, 31.86, 21.89. 11B NMR (160 
MHz, CDCl3) δ 26.49. IR (neat) νmax 29589.0 (w), 2936.7 (w), 2889.3 (w), 1576.9 (m), 
1477.2 (m), 1337.3 (s), 1229.9 (s), 1123.4 (s), 1004.0 (m), 688.1 (m) cm-1. HRMS (DART+) 
for C14H22BO5 [M+H]+ calculated: 281.1560, found: 281.1551. 
 
                                                 
38 Bose, S. K.; Fucke, K.; Liu, L.; Steel, P. G.; Marder, T. B. Angew. Chem. Int. Ed. 2014, 53, 1799. 
39 Barsamian, A. L.; Wu, A.; Blakemore, P. R. Org. Biomol. Chem. 2015, 13, 3781. 
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5-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-1-methyl-1H-indole 
(2.188). Prepared according to the general procedure above with (1-
methyl-1H-indol-5-yl)boronic acid (0.500 g, 2.772 mmol), 
neopentyl glycol (0.306 g, 2.910 mmol), and pentane (100.0 mL). The crude residue was 
purified on a silica gel plug with CH2Cl2 to afford the product as white solid (0.4739 g, 
70 % yield). 1H NMR (500 MHz, CDCl3) δ 8.12 (1H, s), 7.65 (1H, d, J = 7.0 Hz), 7.29 
(1H, d, J = 7.0 Hz), 7.00 (1H, d, J = 2.5 Hz), 6.48 (1H, d, J = 2.5 Hz), 3.78 (4H, s), 3.77 
(3H, s), 1.02 (6H, s). 13C NMR (150 MHz, CDCl3) δ 138.65, 128.85, 128.40, 127.87, 
127.07, 108.577, 101.79, 72,52, 32.97, 32.13, 22.16. 11B NMR (160 MHz, CDCl3) δ 27.15. 
IR (neat) νmax 2960.4 (w), 2939.3 (w), 2895.9 (w), 2874.6 (w), 1608.0 (w), 1513.9 (w),1 
4.78.8 (w), 1333.1 (m), 1304.9 (s), 1271.5 (m), 1245.4 (m), 1185.2 (m), 1118.03 (m), 
717.99 (w), 692.0 (w), 678.88 (w) cm-1 . HRMS (DART+) for C14H19BNO2 [M+H]+ 
calculated: 244.1509, found: 244.1519. 
 
   2.9.2.1.2. Procedures for the Preparation of Alkenyl and Aryl  
    Trifluoromethanesulfonates 
 
 (E)-non-1-en-1-yl trifluoromethanesulfonate (2.189). The 
title compound was prepared according to a literature precedence with slight modification 
(40). In an Ar-filled glove box, CsF (5.01 g, 33.0 mmol, 3.0 equiv.) and  N-Phenyl-
bis(trifluoromethanesulfonimide) (7.86 g, 22.0 mmol, 2.0 equiv.) were placed in a large 
                                                 
40 McCammant, M. S.; Liao, L.; Sigman, M. S. J. Am. Chem. Soc. 2013, 135, 4167. 
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pressure vessel and sealed. Outside the glovebox the flask was briefly opened and a 
solution of 1-nonen-1-yl trimethylsilyl ether (41) (95/5 mixture of E/Z isomers, 2.36 g, 11 
mmol) in dimethoxyethane (30 mL) was added. After addition the pressure vessel was 
quickly sealed with a screw cap. The solution was left to stir vigorously at room 
temperature for 4 hours after which the pressure was released and the reaction mixture was 
diluted with pentane (100 mL), washed twice with water and once with brine, dried over 
Na2SO4, filtered and concentrated under reduced pressure. The crude oil was purified by 
silica gel chromatography (100% pentane) to afford the title compound as clear colorless 
oil (1.51 g, 50% yield). All spectral data was in accordance with the literature.42 
 
oct-1-en-2-yl trifluoromethanesulfonate (2.190). The title 
compound was prepared according to the procedure reported in the literature.43 All spectral 
data was in accordance with the literature. 
 
cyclohexylidenemethyl trifluoromethanesulfonate (2.100). The title 
compound was prepared according to the procedure reported in the 
literature.44 All spectral data was in accordance with the literature. 
 
                                                 
41 Matsuzawa, S.; Horiguchi, Y.; Nakamura, E.; Kuwajima, I. Tetrahedron 1989, 45, 349. 
42 Shirakawa, W.; Imazaki, Y.; Hayashi, T. Chem. Commun. 2009, 34, 5088. 
43 Takai, K.; Sakogawa, K.; Kataoka, Y.; Oshima, K.; Utimoto, K. Org. Synth. 1995, 72, 180. 
44 Stang, P. J.; Treptow, W. Synthesis 1980, 1980, 283. 
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1-cyclohexylvinyl trifluoromethanesulfonate (2.191). The title compound 
was prepared according to the procedure reported in the literature.45  All 
spectral data was in accordance with the literature. 
 
1-cyclohexenyl trifluoromethanesulfonate (2.192). The title compound was 
prepared according to the procedure reported in the literature.46 
 
5-((tert-butyldimethylsilyl)oxy)pent-1-en-2-yl trifluoromethanesulf-
onate (2.193). Prepared following a published procedure with slight modifications.43  4-
Pentyn-1-ol (1.44 mL, 15.5 mmol, 1.0 equiv.) was placed in a flame-dried round bottom 
flask and dissolved in dry pentane (15 mL). The solution was allowed to cool to –40 ℃ 
and triflic acid (2.5 mL, 27.8 mmol, 1.6 equiv.) was added dropwise with stirring. The 
mixture was left to stir for 10 minutes at -40 ℃ and allowed to warm to room temperature 
over 30 minutes. The mixture was quenched with water (10 mL), extracted with diethyl 
ether and washed with saturated sodium bicarbonate solution and brine. The crude mixture 
was dried over Na2SO4, concentrated under reduced pressure and filtered through a plug of 
neutral alumina with CH2Cl2. The resulting triflate, obtained as  clear yellow oil (1.84 g, 
7.8 mmol, 1 equiv.) was placed in a flame dried round bottom flask with imidazole (1.10 
g, 16 mmol, 2 equiv.) and dissolved in CH2Cl2 (20 mL). The solution was flushed with N2 
and allowed to cool to 0 ℃. tert-Butyldimethylsilyl chloride (1.18 g, 7.8 mmol, 1.0 equiv.) 
was added as a solution in CH2Cl2 (10 mL). The mixture was left to stir at room temperature 
                                                 
45 Al-huniti, M. H.; Lepore, S. D. Org. Lett. 2014, 16, 4154. 
46 Lim, B. Y.; Jung, B. E.; Cho, C. G. Org. Lett. 2014, 16, 4492. 
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for 2 hours after which 1M HCl solution (5 mL) were added. The mixture was extracted 
with CH2Cl2 and washed with sodium bicarbonate solution and brine, dried over Na2SO4, 
filtered, and concentrated under reduced pressure. The crude mixture was purified by silica 
gel chromatography (1% ethyl acetate in hexane) to afford the title compound as clear 
colorless oil (2.10 g, 40 % yield over two steps). 1H NMR (600 MHz, CDCl3) δ 5.11 (1H, 
d, J = 3.0 Hz), 4.95 (1H, d, J = 3.0 Hz), 3.65 (2H, t, J =  6.0 Hz), 2.44 (2H, t, J = 7.8 Hz), 
1.75 (2H, q, J = 6.6 Hz), 0.89 (9H, s), 0.05 (6H, s). 13C NMR (125 MHz, CDC3) δ 156.9, 
104.4, 61.4, 30.6, 29.3, 25.7, 18.4, -5.3. IR (neat) νmax 2995.9 (s), 2931.6 (s), 2894.4 (s), 
2859.8 (s), 1671.0 (s), 1473.0 (s), 1253.3 (s), 1209.3 (s), 1141.1 (s), 1104.7 (s), 945.0 (s), 
835.9 (s), 776.7 (s), 611.56 (s) cm-1. HRMS (DART+) for: C12H24F3O4S1Si1 [M+H]+: 
calculated: 349.1117, found: 349.1114. 
 
5-hydroxypent-1-en-2-yl trifluoromethanesulfonate (2.194). The title 
compound was prepared according to the procedure reported in the 
literature.47 All spectral data was in accordance with the literature. 
 
 
General procedure for the synthesis of aryl trifluoromethanesulfonates. Aryl 
Trifluoromethansulfonates were made according to literature procedure with slight 
modification.48 To a solution of the corresponding phenol and pyridine in CH2Cl2 at 0 ℃, 
                                                 
47 Logan, A. W. J.; Parker, J. S.; Hallside, M. S.; Burton, J. W. Org. Lett.2012, 14, 2940. 
48 Goossen, L. J.; Linder, C.; Rodríguez, N.; Lange, P. P. Chem. Eur. J. 2009, 15, 9336. 
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a solution of trifluoromethanesulfonic anhydride in CH2Cl2 was added dropwise. The 
mixture was then warmed to room temperature and allowed to stir for 1 hour. The mixture 
was diluted with Et2O, quenched with 3M HCl (aq) and washed successively with NaHCO3 
(aq, sat.) and brine. The solution was dried over Na2SO4, filtered with Et2O, and the solvent 
was removed under reduced pressure. The residue was purified on silica gel 
chromatography to afford aryl trifluoromethanesulfonates. 
 
4-(trifluoromethyl)phenyl trifluoromethanesulfonate (2.195). Prepared 
according to the general procedure above with 4-trifluoromethylphenol 
(0.630 g, 3.8 mmol), trifluoromethanesulfonic anyhydride (0.774 mL, 4.6 mmol), pyridine 
(0.615 mL, 7.6 mmol), and CH2Cl2 (6.0 mL). The crude residue was purified on silica gel 
chromatography (10% ethyl acetate in hexanes) to afford the product as colorless oil (1.180 
g, 98% yield). All spectral data was in accordance with the literature.49 
 
2,4-dimethylphenyl trifluoromethanesulfonate (2.196). Prepared 
according to the general procedure above with 2,4-dimethylphenol (0.906 
mL, 7.5 mmol), trifluoromethanesulfonic anhydride (1.50 mL, 9.0 mmol), pyridine (1.2 
mL, 15.0 mmol), and CH2Cl2 (13.0 mL). The crude residue was purified with silica gel 
chromatography (5% ethyl acetate in hexanes) to afford the product as colorless oil (1.680 
g, 88% yield). All spectral data was in accordance with the literature.50 
 
                                                 
49 Gill, D.; Hester, A. J.; Lloyd-Jones, G. C. Org. Biomol. Chem. 2004, 2, 2547. 
50 Radivoy, G.; Alonso, F.; Yus, M. Tetrahedron 1999, 55, 14479. 
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2,6-dimethylphenyl trifluoromethanesulfonate (2.197). Prepared 
according to the general procedure above with 2,6-dimethylphenol (0.611 
g, 5.0 mmol), trifluoromethanesulfonic anhydride (1.0 mL, 6.0 mmol), pyridine (0.809 mL, 
10.0 mmol), and CH2Cl2 (8.0 mL). The crude residue was purified with silica gel 
chromatography (17% ethyl acetate in hexanes) to afford the product as yellow oil (1.124 
g, 88% yield). All spectral data was in accordance with the literature.51 
 
benzo[d][1,3]dioxol-5-yl trifluoromethanesulfonate (2.198). Prepared 
according to the general procedure above with sesamol (1.04 g, 7.5 mmol), 
trifluoromethansulfonic anhydride (1.5 mL, 9.0 mmol), pyridine (1.2 mL, 15.0 mmol), and 
CH2Cl2 (13.0 mL). The crude residue was purified with silica gel chromatography (5% 
ethyl acetate in hexanes) to afford the product as colorless oil (1.89 g, 94%). All spectral 
data as in accordance with the literature.52 
 
3,4,5-trimethoxyphenyl trifluoromethanesulfonate (2.199). Prepared 
according to the general procedure above with 3,4,5-trimethoxyphenol 
(0.921 g, 5.0 mmol), trifluoromethanesulfonic anhydride (1.0 mL, 6.0 mmol), pyridine 
(0.809 mL, 10.0 mmol), and CH2Cl2 (8.0 mL). The crude residue was purified with silica 
gel chromatography (20% ethyl acetate in hexanes) to afford the product as off white solid 
(1.552 g, 98% yield). All spectral data was in accordance with the literature.53 
                                                 
51 Mori, H.; Matsuo, T.; Yoshioka, Y.; Katsumura, S. J. Org. Chem. 2006, 71, 9004. 
52 Echavarren, A. M.; Stille, J. K. J. Am. Chem. Soc. 1987, 109, 5478. 
53 Macmillan, D.; Anderson, D. W. Org. Lett. 2004, 6, 4659. 
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3-formylphenyl trifluoromethanesulfonate (2.200). Prepared according 
to the general procedure above with 3-hydroxybenzaldehyde (916 mg, 7.5 
mmol), trifluoromethanesulfonic anhydride (1.5 mL, 9.0 mmol), pyridine (1.2 mL, 15.0 
mmol), and CH2Cl2 (10 mL). The crude residue was purified by silica gel chromatography 
(10% ethyl acetate in hexanes) to afford the product as colorless oil (1.47 g, 77% yield). 
All spectral data was in accordance with the literature.48 
 
   2.9.2.1.3. Procedure for Preparation of Vinyllithium from  
   Vinyl Iodide. 
 
To an oven-dried 250 mL round bottom flask with magnetic stir bar in an Ar-filled 
glovebox was added vinyl iodide (12.17 g, 76.66 mmol, 1.00 eq) and pentane (35 ml). The 
reaction flask was sealed with a rubber septa, removed from the glovebox, allowed to cool 
to -78℃ under argon, and maintained at this temperature while nBuLi (29.70 ml, 75.14 
mmol, 0.98 eq) was added via syringe pump over two hours. Vinyllithium formation was 
observed as a white suspension in the reaction flask within 2-3 minutes of initial nBuLi 
addition. Upon completion of slow addition, the reaction solution was allowed to stir for 
an additional hour at between -50 and -78 ℃. The vinyllithium suspension was transferred 
via cannula in two portions to an oven-dried Schlenck filter under argon and filtered, 
washed with pentane, and dried in the following manner: After transfer of the first half of 
the vinyllithium suspension in pentane, the pentane was removed under positive pressure 
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by slightly reducing the pressure in the bottom chamber of the filter while maintaining 
constant positive pressure of argon in the upper portion of the filter. (Caution, positive 
pressure must be maintained at all times in the top chamber to prevent air from entering 
the schlenk filter and reacting with the pyrophoric vinyllithium). After the pentane was 
removed, a white powdery layer of solid vinyllithium was observed on top of the Schlenk 
filter frit. The second half of the vinyllithium suspension was transferred and the pentane 
removed in the same manner. To ensure thorough removal of soluble impurities (n-BuLi, 
n-BuI, vinyl iodide) the white powdery pad of vinyllithium left after initial filtration was 
rinsed three times with 20 mL of dried, distilled, and degassed pentane by adding the 
pentane to the top chamber of the Schlenk filter and agitating the vinyllithium for two 
minutes and removal of pentane as described above. The solid vinyllithium was then dried 
for 15 minutes under positive pressure of argon by reducing the pressure in the bottom 
chamber of the filter while maintaining positive pressure in the upper chamber of the filter. 
The receiving 250 ml round bottom flask with pentane washes was replaced via quick-
switch with an oven-dried 100 ml 2-neck round bottom flask under argon. The solid 
vinyllithium was dissolved using 48 ml of diethyl ether and was rinsed into the receiving 
flask by reducing the pressure of the lower chamber of the filter as described above. The 
resulting clear yellow solution was titrated using BHT with 1,10-phenanthroline in THF 
and the yield (72.8280 mmol, 95 % yield) was calculated based on the measured molarity 
(1.58 M) and the measured volume of the solution upon transfer to a single-necked 100 ml 
round bottom flask (At this point the vinyllithium can be used directly in a conjunctive 
coupling with 5 mol % catalyst loading and the coupling product can be obtained in 69% 
yield, 98:2 er.).  
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 The freshly prepared solution of vinyllithium (1.58 M) was immediately 
recrystallized three times from diethyl ether by allowing the solution to cool to -45℃ over 
1 h using a Cryocool and maintaining this temperature overnight (10 h) and then reducing 
the temperature to -78℃ for 6 hours using a dry ice acetone bath. Solid vinyllithium was 
observed to form as clear, glassy, crystals. After the recrystallization period the supernatant 
diethyl ether was removed, and the round bottom flask was allowed to warm to room 
temperature, and 10 ml of fresh diethyl ether was added to the flask. The recrystallization 
was repeated two more times, resulting in an overall 47 % yield of vinyllithium, evaluated 
as before, as clear, nearly colorless solution in diethyl ether. 
   
   2.9.2.1.4. Procedures for Conjunctive Cross-Coupling. 
 
 
Method A. To an oven-dried 2-dram vial equipped with a magnetic stir bar in an Ar-filled 
glovebox was added vinyl boronic ester (0.30 mmol, 1.00 equiv.) and diethyl ether (0.3 
mL), sealed with a septum cap, and removed from the glovebox. The reaction vial was 
allowed to cool to 0 ℃, and an alkyl/aryl lithium solution (0.30 mmol, 1.0 equiv.) was 
added at 0 ℃. The reaction vial was allowed to warm to room temperature and left to stir 
for 30 minutes. Then, the solvent was carefully removed under reduced pressure, and the 
reaction vial was brought back into the glovebox. To a separate oven-dried 2-dram vial 
equipped with a magnetic stirbar in the glovebox was added Pd(OAc)2 (0.003 mmol, 0.01 
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equiv.), 2.52 (0.0036 mmol, 0.012 equiv.), and THF (0.3 mL). The Pd(OAc)2/2.52 solution 
was allowed to stir for 20 minutes at room temperature. Then the Pd(OAc)2/2.52 solution 
was transferred into the reaction vial, followed by THF (0.9 mL), and aryl/vinyl triflate 
(0.33 mmol, 1.10 equiv.). The reaction vial was sealed with a polypropylene cap, taped, 
and brought out of the glovebox where it was allowed to stir at 60 ℃ for 14 hours. The 
resulting mixture was allowed to cool to room temperature, filtered through a silica gel 
plug with diethyl ether, and concentrated under reduced pressure. The reaction mixture was 
diluted with THF (3 mL), allows to cool to 0 ℃, 3M NaOH (2 mL) was added, followed 
by 30% H2O2 (1.0 mL), dropwise.  The reaction mixture was allowed to warm to room 
temperature, and was allowed to stir for 4 hours.  The reaction mixture was allowed to cool 
to 0 ℃ and saturated aq. Na2S2O3 (3 mL) was added dropwise.  The reaction mixture was 
allowed to warm to room temperature and the aqueous layer was extracted with ethyl 
acetate (3 x 20 mL).  The combined organic layers were dried over Na2SO4, filtered, and 
concentrated under reduced pressure, and subsequently purified via silica gel column 
chromatography to afford the desired products. 
 
 
Method B. To an oven-dried 2-dram vial equipped with a magnetic stir bar in an Ar-filled 
glovebox was added alkyl/aryl boronic ester (0.30 mmol, 1.0 equiv.) and diethyl ether (0.3 
mL), sealed with a septum cap, and removed from the glovebox. The reaction vial was 
allowed to cool to 0 ℃, and a vinyllithium solution (0.30 mmol, 1.0 equiv.) was added at 
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0 ℃. The reaction vial was allowed to warm to room temperature and left to stir for 30 
minutes. Then, the solvent was carefully removed under reduced pressure, and the reaction 
vial was brought back into the glovebox. To a separate oven-dried 2-dram vial equipped 
with a magnetic stir bar in the glovebox was added Pd(OAc)2 (0.006 mmol, 0.02 equiv.), 
2.52 (0.0072 mmol, 0.024 equiv.), and THF (0.6 mL). The Pd(OAc)2/2.52 solution was 
allowed to stir for 20 minutes at room temperature. Then the Pd(OAc)2/2.52 solution was 
transferred into the reaction vial, followed by THF (0.6 mL), and aryl/vinyl triflate (0.33 
mmol, 1.10 equiv. ) was added. The reaction vial was sealed with a polypropylene cap, 
taped, and brought out of the glovebox where it was allowed to stir at 60 ℃ for 14 hours. 
The resulting mixture was allowed to cool to room temperature, filtered through a silica 
gel plug with diethyl ether, concentrated under reduced pressure. The reaction mixture was 
diluted with THF (3 mL), cooled to 0 ℃, 3M NaOH (2 mL) was added, followed by 30% 
H2O2 (1.0 mL), dropwise.  The reaction mixture was allowed to warm to room temperature, 
and was allowed to stir for 4 hours.  The reaction mixture was allowed to cool to 0℃ and 
saturated aq. Na2S2O3 (3 mL) was added dropwise.  The reaction mixture was allowed to 
warm to room temperature and the aqueous layer was extracted with ethyl acetate (3 x 20 
mL).  The combined organic layers were dried over Na2SO4, filtered, and concentrated 
under reduced pressure, and subsequently purified via silica gel column chromatography 
to afford the desired products. 
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   2.9.2.1.5. Characterization of Conjunctive Cross Coupling 
Products and Analysis of Stereochemistry. 
 
 (R)-1,2-diphenylethan-1-ol (2.55). The reaction was performed according to 
the general procedure (Method A) with 5,5-dimethyl-2-vinyl-1,3,2-
dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), phenyllithium (0.167 mL, 1.9M 
in dibutyl ether, 0.30 mmol, 1.00 equiv.), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 
mmol, 1.10 equiv.), Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.80 mg, 
0.0036 mmol) in THF (1.2 mL, 0.25 M, 0.012 equiv.). The crude mixture was purified by 
silica gel chromatography (5% ethyl acetate in hexanes, stain in CAM) to afford the title 
compound as white solid (49.37 mg, 83% yield). 1H NMR (600 MHz, CDCl3) δ 7.26-7.21 
(4H, m), 7.20-7.15 (3H, m), 7.14-7.0 (1H, m), 7.10-7.07 (2H, m), 4.78 (1H, ddd, J = 6.6, 
4.2, 2.4 Hz), 2.93 (1H, dd, J = 13.8, 4.8 Hz), 2.87 (1H, dd, J = 14.4, 9.0 Hz), 1.84 (1H, br 
s). 13C NMR (150 MHz, CDCl3) δ 143.95, 138.17, 129.66, 128.66, 128.56, 127.76, 126.77, 
126.04, 75.49, 46.25. HRMS (DART+) for C14H13 [M+H-H2O]+  calculated: 181.1017, 
found: 181.1021. [α]20D +11.787 (c = 0.635, CHCl3, l =50 mm) (lit: [α]20D = +12.5 (c = 
1.01, CHCl3, 98:2 e.r.).54 
 
Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
                                                 
54 Guo, J.; Chen, J.; Lu, Z. Chem. Commun. 2015, 51, 5725. 
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1,1′-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was determined by single crystal X-ray diffraction.  
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-1,2-diphenylethan-1-ol 
 
Racemic Material             Standard Conditions                       Crystal Structure 
                                                                                                              
   
 
 (R)-2-(1,2-diphenylethyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.201). 
The reaction was performed according to the general procedure (Method 
A) without the oxidation step with 5,5-dimethyl-2-vinyl-1,3,2-
dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), phenyllithium (0.167 mL, 1.9M 
in dibutyl ether, 0.30 mmol, 1.00 equiv.), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 
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mmol, 1.10 equiv.), Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.80 mg, 
0.0036 mmol) in THF (1.2 mL, 0.25 M, 0.012 equiv.). The crude mixture was purified by 
silica gel chromatography (30% CH2Cl2 in pentane, stain in CAM) to afford the title 
compound as colorless solid (67.0mg, 76% yield). 1H NMR (600 MHz, CDCl3) δ 7.25-
7.24 (4H, m), 7.24-7.19 (2H, m), 7.16 (2H, d, J = 7.85 Hz), 7.14-7.10 (2H, m), 3.53 (4H, 
s), 3.19 (1H, dd, J = 13.2, 9.6 Hz), 2.92 (1H, dd, J = 13.8, 7.2 Hz), 2.57 (1H, t, J = 7.2 Hz), 
0.79 (6H, s). 11B NMR (160 MHz, CDCl3) δ 29.47. 13C NMR (150 MHz, CDCl3) δ 143.96, 
142.55, 128.98, 128.42, 128.40, 128.19, 125.71, 125.31, 72.27, 38.52, 31.79, 21.88. IR 
(neat) νmax 3081.9 (w), 3025.2 (w), 2960.3 (w), 1599.6 (w), 1475.8 (m), 1376.3 (m), 1279.3 
(m), 1199.7 (s), 1069.8 (s), 770.6 (m), 696.9 (s), 524.5 (m), 493.4 (m) cm-1. HRMS 
(DART+) for C19H24BO2 [M+H]+ calculated: 295.1869, found: 295.1872. [α]20D -48.214 
(c = 2.975, CHCl3, l =50 mm). 
 
(R)-3-methyl-1-phenylbutan-2-ol (2.56). The reaction was performed 
according to the general procedure (Method A) with 5,5-dimethyl-2-vinyl-
1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol), isopropyllithium (0.441 mL, 0.68M in 
pentane, 0.30 mmol), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol), Pd(OAc)2 
(0.670 mg, 0.003 mmol), 2.52 (3.80 mg, 0.0036 mmol) in THF (1.2 mL, 0.25 M). The 
crude mixture was purified by silica gel chromatography (30% CH2Cl2 in hexanes) to 
afford the title compound as yellow oil. (32.5 mg, 66% yield).  1H NMR  (600 MHz, CDCl3) 
δ 7.30 (2H, t, J = 7.2 Hz), 7.21-7.24 (3H, m), 3.57-3.59 (1H, m), 2.84 (1H, dd, J = 13.8, 
3.0 Hz), 2.32 (1H, dd, J = 13.2, 9.0 Hz,), 1.77-1.72 (1H, m), 1.42 (1H, d, J = 3.6 Hz), 0.99 
(3H, s), 0.98 (3H, s).  13C NMR (150 MHz, CDCl3) δ 139.39, 129.59, 128.82, 126.62, 
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77.72, 41.02, 33.37, 19.16, 17.64.  IR (neat) νmax 3241 (br), 3027 (w), 2957 (m), 2927 (m), 
2981 (m), 1494 (m), 1467 (m), 1031 (m), 995 (s) 741 (m), 698 (s) cm-1.  HRMS (DART+) 
for  C11H20NO [M+NH4]+: calculated: 182.1545, found: 182.1547. [α]20D +15.74 (c = 0.535, 
CHCl3, l = 50 mm). 
 
Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
1,1’-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57).   
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35°C, 210-270 nm) – analysis 
of (R)-3-methyl-1-phenylbutan-2-ol. 
 
Racemic Material               Standard Conditions  
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 (S)-1-phenylhexan-2-ol (2.40). The reaction was performed according 
to the general procedure (Method A) with 5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) 
(42.0 mg, 0.30 mmol, 1.00 equiv.), n-butyllithium (0.120 mL, 2.5M in hexanes, 0.30 mmol, 
1.00 equiv.), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 1.10 equiv.), 
Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 0.012 
equiv.) in THF (1.2 mL, 0.25 M). The crude mixture was purified by silica gel 
chromatography (50% CH2Cl2 in pentane, stain in CAM) to afford the title compound as 
colorless oil (39.5 mg, 74 % yield). 1H NMR (600 MHz, CDCl3) δ 7.30 (2H, t, J = 7.2 Hz), 
7.24-7.18 (3H, m), 3.80 (1H, dddd, J = 12.6, 8.4, 4.8 Hz), 2.82 (1H, dd, J = 13.2, 4.2 Hz), 
2.63 (1H, dd, J = 13.2, 8.4 Hz). 1.56-1.28 (6H, m), 0.90 (3H, t, J = 7.2 Hz). 13C NMR (150 
MHz, CDCl3) δ 138.80, 129.57, 128.69, 126.57, 72.84, 44.20, 36.68, 28.08, 22.85, 14.21. 
HRMS (DART+) for C12H17 [M+H-H2O]+  calculated: 161.1330, found: 161.1335. [α]20D 
+14.786 (c = 0.510, CHCl3, l =50 mm). (lit: [α]28D +6.3, c = 1.0, CHCl3, 68:32 e.r.).55 
 
  
                                                 
55 Ema, T.; Ura, N.; Yoshii, M.; Korenaga, T.; Sakai, T. Tetrahedron 2009, 65. 9583. 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) 
and 1,1′-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was determined by comparison to the literature.55 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (R)-1,2-diphenylethan-1-ol 
  Racemic Material    Standard Conditions 
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 (S)-1-phenyloctan-2-ol (2.57). The reaction was performed 
according to the general procedure (Method A) with 5,5-dimethyl-2-vinyl-1,3,2-
dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), hexyllithium (0.130 mL, 2.3M in 
hexanes, 0.30 mmol, 1.00 equiv.), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 
1.10 equiv.), Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 
0.012 equiv.) in THF (1.2 mL, 0.25 M). The crude mixture was purified by silica gel 
chromatography (50% CH2Cl2 in pentane, stain in CAM) to afford the title compound as 
white solid (47.0 mg, 76% yield. HRMS (DART+) for C14H26NO [M+NH4]+  calculated: 
224.2014, found: 224.2016. [α]20D +11.444 (c = 1.645, CHCl3, l =50 mm). (lit: [α]20D 
+8.222 (c = 2.043, CHCl3, l = 50 mm 96:4 er). All spectral data was in accordance with the 
literature.56 
 
  
                                                 
56 Mlynarski, S. N.; Schuster, C. H.; Morken, J. P. Nature 2014, 505, 386. 
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Analysis of Stereochemistry. Racemic compound was prepared according to, and absolute 
stereochemistry was determined by comparison to the literature.56 
 
Chiral SFC (Chiracel OD-H, 3% IPA, 5 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (S)-1-phenyloctan-2-ol 
 
  Racemic Material    Standard Conditions 
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 (R)-1-phenyl-3-(trimethylsilyl)propan-2-ol (2.58). The reaction was 
performed according to the general procedure (Method A) with vinyl boronic acid pinacol 
ester (46.20 mg, 0.30 mmol, 1.00 equiv.), (trimethylsilyl)methyllithium (0.300 mL, 1.0M 
in pentane, 0.30 mmol, 1.00 equiv.), phenyltrifluoromethanesulfonate (74.6 mg, 0.33 mmol, 
1.10 equiv.), Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 
0.012 equiv.) in THF (1.2 mL, 0.25 M). The crude mixture was purified by silica gel 
chromatography (5% ethyl acetate in pentane, stain in CAM) to afford a colorless oil (35.20 
mg, 56% yield). 1H NMR (600 MHz, CDCl3) δ 7.30 (2H, t, J = 7.2 Hz), 7.24-7.18 (3H, 
m), 3.98 (1H, ddd, J = 13.2, 13.2, 9.0 Hz), 2.84 (1H, dd, J = 13.8, 4.2 Hz), 2.63 (1H, dd, J 
= 13.2, 7.8 Hz), 1.44 (1H, br s), 0.96-0.86 (2H, m), 0.06 (9H, s). 13C NMR (150 MHz, 
CDCl3) δ 138.98, 129.56, 128.73, 126.63, 71.08, 47.70, 25.99, -0.57.  IR (neat) νmax 3582.1 
(br), 3441.2 (br) 3062.7 (w), 3028.2 (w), 2951.4 (w), 2917.7 (w), 1495.6 (w), 1454.0 (w), 
1247.0 (s), 1076.0 (m), 1056.2 (m), 1018.7 (m), 854.8 (s), 837.4 (s), 743.8 (s), 698.5 (s) 
cm-1.  HRMS (DART+) for C12H24NOSi [M+NH4]+  calculated: 226.1627, found 226.1622. 
[α]20D +3.850 (c = 1.135, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
1,1′-Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 2% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of   (R)-1-phenyl-3-(trimethylsilyl)propan-2-ol. 
 
Racemic Material                     Standard Conditions 
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(R)-2-(naphthalen-2-yl)-1-phenylethan-1-ol (2.59). The reaction was 
performed according to the general procedure (Method A) with 5,5-
dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), phenyl 
lithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 2-
naphthyltrifluoromethanesulfonate (91.20 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (0.670 
mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.8 mg, 0.0036 mmol, 0.012 equiv.) in THF (1.2 mL, 
0.25 M). The crude mixture was purified by silica gel chromatography (50% CH2Cl2 in 
pentane, stain in CAM) to afford the title compound as white solid (50.70 mg, 68% yield). 
1H NMR (600 MHz, CDCl3) δ 7.81 (1H, d, J = 6.6 Hz), 7.78 (1H, d, J = 8.4 Hz), 7.48-7.42 
(2H, m), 7.38 (2H, d, J = 7.2 Hz) 7.30-7.26 (4H, m) 4.99 (1H, ddd, J = 7.8, 4.2, 2.4 Hz), 
3.20 (1H, dd, J = 14.4, 4.8 Hz), 3.15 (1H, dd, J = 13.8, 9.0 Hz), 1.99 (1H, d, J = 3.0 Hz). 
13C NMR (150 MHz, CDCl3) δ 143.94, 135.68, 133.67, 132.48, 128.61, 128.27, 128.23, 
127.92, 127.80, 127.79, 127.71, 126.20, 126.05, 125.69, 75.37, 46.42. IR (neat) νmax 3365.3 
(br), 3056.4 (w), 3029.5 (w), 2912.3 (w), 1631.0 (w), 1528.0 (w), 1454.0 (w), 1199.7 (w), 
1055.4 (m), 1012.9 (m), 811.1 (s), 747.7 (m), 724.3 (m), 699.4 (s) 478.4 (m) cm-1. HRMS 
(DART+) for C18H15 [M+H-H2O]+  calculated: 231.1174, found 231.1167. [α]20D -2.8194 
(c = 0.770, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
1,1′-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 10% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-2-(naphthalen-2-yl)-1-phenylethan-1-ol. 
 
Racemic Material          Standard Conditions 
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(R)-1-phenyl-2-(4-(trifluoromethyl)phenyl)ethan-1-ol (2.60). The 
reaction was performed according to the general procedure (Method A) 
with 5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), 
phenyl lithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 4-
(trifluoromethyl)phenyl trifluoromethanesulfonate (2.195) (97.1 mg, 0.33 mmol, 1.10 
equiv.), Pd(OAc)2 (0.67 mg, 0.003 mmol, 0.01 equiv.), and 2.52 (3.8 mg, 0.0036 mmol, 
0.012 equiv.) in THF (1.2 mL, 0.25 M). The crude mixture was purified by silica gel 
column chromatography (5% ethyl acetate in hexanes) to afford the title compound as 
colorless oil (40.9 mg, 51% yield). 1H NMR (600 MHz, CDCl3) δ 7.52 (2H, d, J = 8.4 Hz), 
7.36-7.27 (6H, m), 4.90 (1H, ddd, J = 8.4, 5.4, 3.0 Hz), 3.08 (1H, dd, J = 13.2, 7.2 Hz), 
3.05 (1H, dd, J= 13.2, 5.4 Hz), 1.92 (1H, s). 13C NMR (150 MHz, CDCl3) δ 143.6, 142.4, 
130.1, 129.2, 128.9, 128.7, 128.1, 126.0, 125.4 (q, J = 3.5 Hz), 75.3, 45.7. IR (neat) νmax 
3343.5 (br), 2928.8 (w), 1618.3 (w), 1494.5 (m), 1417.9 (m), 1322.6 (s), 1237.4 (m), 
1161.6 (m), 1119.4 (s), 1108.1 (s), 1019.1 (m), 841.8 (m), 700.1 (m), 650.7 (m) cm-1. 
HRMS (DART+) for: C15H12F3 [M+H-H2O]+: calculated: 249.0891, found: 249.0900. 
[α]20D +5.360 (c = 1.535, CHCl3, l = 50 mm). 
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Analysis of Stereochemistry.Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
1,1′-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-1-phenyl-2-(4-(trifluoromethyl)phenyl)ethan-1-ol 
Racemic Material              Standard Conditions 
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(R)-2-(2,4-dimethylphenyl)-1-phenylethan-1-ol (2.61). The reaction 
was performed according to the general procedure (Method A, slight 
modification at 80 °C) with 5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 
0.30 mmol), phenyllithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol), 2,4-
dimethylphenyl trifluoromethanesulfonate (2.196) (83.90 mg, 0.33 mmol), Pd(OAc)2 
(0.670 mg, 0.003 mmol), 2.52 (3.80 mg, 0.0036 mmol) in THF (1.2 mL, 0.25 M). The 
crude mixture was purified by silica gel chromatography (40% CH2Cl2 in hexanes) to 
afford the title compound as clear oil. (34.6 mg, 51% yield).  1H NMR  (600 MHz, CDCl3) 
δ 7.33-7.37 (4H, m), 7.27 (1H, t, J = 7.2 Hz), 7.04 (1H, d, J = 7.8 Hz), 6.98 (1H, s), 6.95 
(1H, d, J = 7.8 Hz), 4.86-4.86 (1H, m), 3.00 (1H, dd, J = 14.4, 4.2 Hz), 2.94 (1H, dd, J = 
13.8, 9.0 Hz), 2.29 (3H, s), 2.26 (3H, s), 1.92 (1H, d, J = 2.4 Hz); 13C NMR  (150 MHz, 
CDCl3) δ 144.4, 136.8, 136.5, 133.3, 131.5, 130.4, 128.6, 127.7, 126.9, 125.9, 74.6, 43.2, 
21.1, 19.7  IR (neat) νmax 3418 (br), 3027 (w), 3004 (w), 2921 (m), 2856 (w), 1493 (w), 
1451 (m), 1026 (s), 805 (s), 699  (s), 567 (m) cm-1;  HRMS-(DART): for C16H17 [M+H-
H2O]+: calculated: 209.1330, found: 209.1329.  [α]20D = +3.99 (c = 0.450, CHCl3, l = 50 
mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with  vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) 
and 1,1’-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57).  
 
Chiral SFC (Chiracel OJ-H, 5% IPA, 3 mL/min, 100 bar, 35°C, 210-270 nm) – analysis of 
(R)-2-(2,4-dimethylphenyl)-1-phenylethan-1-ol. 
  Racemic Material    Standard Conditions  
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 (R)-2-(2,6-dimethylphenyl)-1-phenylethan-1-ol (2.62). The reaction was 
performed according to the general procedure (Method A) with 5,5-
dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), 
phenyllithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 2,6-
dimethylphenyl trifluoromethanesulfonate (2.197) (83.90 mg, 0.33 mmol, 1.10 equiv.), 
Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 0.012 
equiv.) in THF (1.2 mL, 0.25 M). The crude mixture was purified by silica gel 
chromatography (30% CH2Cl2 in pentane, stain in CAM) to afford the title compound as 
white solid (50.50 mg, 44% yield. 1H NMR (600 MHz, CDCl3) δ 7.38-7.32 (4H, m), 7.30-
7.26 (1H, m), 7.07-7.00 (3H, m), 4.91 (1H, ddd, J = 7.8 4.8, 1.8 Hz). 3.15 (1H, dd, J = 13.8, 
9.0 Hz), 2.98 (1H, dd, J = 13.8, 4.8 Hz), 2.31 (6H, s), 1.85 (1H, d, J = 2.4 Hz). 13C NMR 
(150 MHz, CDCl3) δ 144.64, 137.58, 135.07, 128.58, 128.53, 127.70, 126.64, 125.70, 
74.19, 39.96, 20.55. IR (neat) νmax 3534.5 (br), 3416.7 (br), 3064.4 (w), 3027.0 (w), 2956.3 
(w), 2921.1 (w), 1550.7 (w), 1493.0 (m), 1379.0 (m), 1049.2 (w), 1024.6 (m), 758.0 (s), 
700.2 (s) cm-1. HRMS (DART+) for C16H17 [M+H-H2O]+  calcualted: 209.1330, found: 
209.1332. [α]20D +1.419 (c = 0.435, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
1,1′-Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 8% IPA, 3 mL/min, 150 bar, 35 °C, 210-270 nm) – analysis 
of   (R)-2-(2,6-dimethylphenyl)-1-phenylethan-1-ol. 
Racemic Material         Standard Conditions 
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(R)-2-(benzo[d][1,3]dioxol-5-yl)-1-phenylethan-1-ol (2.63). The 
reaction was performed according to the general procedure (Method A) 
with 5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol), 
phenyllithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol), benzo[d][1,3]dioxol-5-yl 
trifluoromethanesulfonate (2.198) (88.50 mg, 0.33 mmol), Pd(OAc)2 (0.67 mg, 0.003 
mmol), 2.52 (3.8 mg, 0.0036 mmol) in THF (1.2 mL, 0.25 M). The crude mixture was 
purified by silica gel chromatography (5% EtOAc in hexanes) to afford the title compound 
as white solid. (35.6 mg, 49% yield). 1H NMR (600 MHz, CDCl3) δ 7.33 (4H, d, J = 4.8 
Hz), 7.25-7.29 (1H, m), 6.72 (1H, d, J  = 7.8 Hz), 6.68 (1H, d, J = 1.2 Hz), 6.62 (1H, dd, J 
= 8.4, 1.8 Hz), 5.91 (2H, s), 4.82 (1H, dd, J = 7.8, 4.2 Hz), 2.94 (1H, dd, J = 13.8, 4.2 Hz), 
2.88 (1H, dd, J = 13.8, 8.4 Hz,), 1.99 (1H, brs,). 13C NMR (150 MHz, CDCl3) δ 147.9, 
146.5, 143.9, 131.9, 128.6, 127.8, 126.0, 122.6, 110.0, 108.4, 101.1, 75.6, 45.9. IR (neat) 
νmax 3411 (br), 3062 (w), 3028 (w), 2919 (m), 1607 (w), 1501 (s), 1440 (s), 1243 (s), 1187 
(m), 1187 (m), 1036 (s), 928 (s), 699 (s), 537 (m) cm-1. HRMS (DART+) for C15H13O2 
[M+H-H2O]+: calculated: 225.0915, found: 225.0916.  [α]20D +1.35 (c = 1.025, CHCl3, l = 
50 mm).  
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, Pd(OAc)2 (5.0 mol%) and 
1,1’-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57).  
 
Chiral SFC (Chiracel OJ-H, 8% IPA, 3 mL/min, 100 bar, 35°C, 210-270 nm) – analysis of 
(R)-2-(benzo[d][1,3]dioxol-5-yl)-1-phenylethan-1-ol.  
  Racemic Material   Standard Conditions    
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 (R)-1-phenyl-2-(3,4,5-trimethoxyphenyl)ethan-1-ol (2.64). The 
reaction was performed according to the general procedure (Method 
A) with 5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 
equiv.), phenyl lithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 3,4,5-
trimethoxyphenyl trifluoromethanesulfonate (2.199).  (104.4 mg, 0.33 mmol, 1.10 equiv.), 
Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.010 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 0.012 
equiv.) in THF (1.2 mL, 0.25 M). The crude mixture was purified by silica gel 
chromatography (15-20% ethyl acetate in pentane, stain in CAM) to afford the title 
compound as white solid (75.20 mg, 87% yield). 1H NMR (600 MHz, CDCl3) δ 7.37-7.30 
(4H, m), 7.28-7.24 (1H, m), 6.35 (2H, s), 4.86 (1H, dd, 8.4, 5.4 Hz), 3.81 (3H, s), 3.78 (6H, 
s), 2.96 (1H, dd, J = 13.8, 5.4 Hz), 2.90 (1H, dd, J = 13.2, 7.8 Hz), 2.07 (1H, br s). 13C 
NMR (150 MHz, CDCl3) δ 153.26, 143.82, 136.83, 133.64, 128.52, 127.74, 126.05, 106.52, 
75.30, 60.95, 56.16, 46.53. IR (neat) νmax 3446.9 (br), 3027.2 (w), 2937.9 (w), 2837.3 (w), 
1589.0 (m), 1506.9 (m), 1454.5 (m), 1421.1 (m), 1333.8 (w), 1236.7 (m), 1122.1 (s), 
1041.9 (w), 1007.9 (m), 701.5 (m) cm-1. HRMS (DART+) for C17H19O3 [M+H-H2O]+  
calculated: 271.1334, found: 271.1345. [α]20D +6.128 (c = 2.890, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
1,1′-Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 10% MeOH, 3 mL/min, 150 bar, 35 °C, 210-270 nm) – 
analysis of   (R)-1-phenyl-2-(3,4,5-trimethoxyphenyl)ethan-1-ol. 
Racemic Material   Standard Conditions 
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(R)-2-(4-methoxyphenyl)-1-phenylethan-1-ol (2.65). The reaction 
was performed according to the general procedure (Method A) with 
5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), 
phenyl lithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 4-
methoxyphenyl trifluoromethanesulfonate (84.5 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 
(0.67 mg, 0.003 mmol, 0.01 equiv.), and 2.52 (3.8 mg, 0.0036 mmol, 0.012 equiv.) in THF 
(1.2 mL, 0.25 M). The crude mixture was purified by silica gel column chromatography 
(10% ethyl acetate in hexanes) to afford the title compound as colorless oil (57.4 mg, 84% 
yield). 1H NMR (600 MHz, CDCl3) δ 7.34-7.31 (4H, m), 7.28-7.24 (1H, m), 7.09 (2H, d, 
J = 9.0 Hz), 6.83 (2H, d, J = 8.4 Hz), 4.84 (1H, ddd, J = 7.8, 4.8, 2.4 Hz), 3.78 (3H, s), 2.98 
(1H, dd, J = 13.8, 4.8 Hz), 2.91 (1H, dd, J= 14.4, 9.0 Hz), 1.97 (1H, s); 13C NMR (150 
MHz, CDCl3) δ 158.6, 144.0, 130.6, 130.1, 128.6, 127.7, 126.0, 114.1, 75.6, 55.4, 45.3; IR 
(neat) νmax 3407.9 (br), 2999.5 (m), 2834.9 (m), 1611.0 (m), 1583.6 (w), 1510.0 (s), 1453.3 
(m), 1242.4 (s), 1176.6 (m), 1031.5 (s), 820.1 (m), 699.1 (s) cm-1; HRMS (DART+) for: 
C15H15O1 [M+H-H2O]+: calculated: 211.1123, found: 211.1130. [α]20D +4.081 (c = 1.470, 
CHCl3, l = 50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with  vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) 
and 1,1′-Bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of   (R)-2-(4-methoxyphenyl)-1-phenylethan-1-ol  
 
Racemic Material         Standard Conditions 
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(R)-2-(cyclohex-1-en-1-yl)-1-phenylethan-1-ol (2.66). The reaction was 
performed according to the general procedure (Method A) with vinyl 
boronic acid pinacol ester (46.2 mg, 0.30 mmol, 1.00 equiv.) phenyl lithium (0.167 mL, 
1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 1-cyclohexenyl trifluoromethanesulfonate 
(2.192) (76.0 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.01 equiv.), 
2.52 (3.80 mg, 0.0036 mmol, 0.012 equiv.) in THF (1.2 mL, 0.25 M). The crude mixture 
was purified by silica gel chromatography (30% CH2Cl2 in pentane) to afford the title 
compound as clear colorless oil (52.3 mg, 86% yield). 1H NMR (600 MHz, CDCl3) δ 7.39-
7.34 (3H, m), 7.28-7.23 (1H, m), 5.60 (1H, s), 4.76 (1H, dd, J = 9.0, 4.2 Hz), 2.36 (1H, m), 
2.30 (1H, dd, J = 18.8, 9.6 Hz), 2.17 (1H, s), 2.09-2.05 (3H, m),  1.94-1.92 (1H, m), 1.68-
1.64 (2H, m), 1.61-1.57 (2H, m). 13C NMR (125 MHz, CDC3) δ 144.5, 134.6, 128.5, 127.4, 
125.9, 125.9, 71.4, 49.1, 28.4, 25.5, 23.0, 22.4. IR (neat) νmax  3406.1 (br), 3028.27 (m), 
2922.0 (s), 2922.5 (s), 2855.4 (s), 2833.9 (s), 1493.2 (s) 1451.1 (m), 1050.2 (m), 1006.6 
(s), 753.4 (m), 699.0 (s), 547.2 (s) cm-1. HRMS (DART+) for: C14H17 [M+H-H2O]+: 
calculated: 185.1330, found: 185.1329. [α]D20 +72.35 (c = 0.74, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-2-(cyclohex-1-en-1-yl)-1-phenylethan-1-ol. 
                      
       Racemic Material                            Standard Conditions 
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(R)-3-methylene-1-phenylnonan-1-ol (2.67). The reaction was 
performed according to the general procedure (Method A) with 
vinyl boronic acid pinacol ester (46.2 mg, 0.30 mmol, 1.00 equiv.), phenyl lithium (0.167 
mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), oct-1-en-2-yl 
trifluoromethanesulfonate (2.190) (85.9 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (0.670 mg, 
0.003 mmol, 0.01 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 0.012 equiv.) in THF (1.2 mL, 
0.25 M). The crude mixture was purified by silica gel chromatography (30% CH2Cl2 in 
pentane) to afford the title compound as clear colorless oil (60.0 mg, 86% yield). 1H NMR 
(600 MHz, CDCl3) δ 7.39-7.34 (4H, m), 7.29-7.26 (1H, m), 4.94 (1H, s), 4.91 (1H, s), 4.80 
(1H, dd, J = 1.8, 9.6 Hz), 2.47 (1H, ddd, J = 13.8, 4.20 Hz), 2.40 (1H, ddd, J = 14.9, 9.6 
Hz), 2.17 (1H, d, J = 1.8 Hz), 2.08 (1H, t, J = 7.8 Hz), 1.51-1.42 (2H, m), 1.34-1.26 (6H, 
m), 0.90 (3H, t, J = 6.6). 13C NMR (125 MHz, CDCl3) δ 146.7, 144.24, 128.5, 127.6, 125.9, 
125.9, 112.9, 71.7, 46.9, 35.9, 31.9, 30.5, 29.2, 29.2, 27.8, 22.8, 14.2. IR (neat) νmax 3383.7 
(w), 2955.3 (s), 2924.0 (s), 2854.0 (s), 1493.7 (s), 1454.3 (m), 1041.5 (m), 968.8 (s), 755.9 
(s), 699.1 (s) cm-1. HRMS (DART+) for: C16H23 [M+H-H2O]+: calculated: 215.1800, 
found: 215.1801. [α]D20  +36.69 (c = 1.23, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-3-methylene-1-phenylnonan-1-ol.  
                         
   Racemic Material                          Standard Conditions 
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 (R)-3-cyclohexyl-1-phenylbut-3-en-1-ol (2.68). The reaction was 
performed according to the general procedure (Method A) with vinyl 
boronic acid pinacol ester (46.2 mg, 0.30 mmol, 1.00 equiv.), phenyl lithium (0.167 mL, 
1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 1-cyclohexylvinyl 
trifluoromethanesulfonate (2.191) (85.2 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (0.67 mg, 
0.003 mmol, 0.01 equiv.), and 2.52 (3.8 mg, 0.0036 mmol, 0.012 equiv.) in THF (1.2 mL, 
0.25 M). The crude mixture was purified by silica gel column chromatography (5% ethyl 
acetate in hexane) to afford the title compound as colorless oil (50.2 mg, 73% yield). 1H 
NMR (600 MHz, CDCl3) δ 7.38-7.32 (4H, m), 7.27-7.24 (1H, m), 4.93 (1H, t, J = 1.2 Hz), 
4.88 (1H, d, J = 0.6 Hz), 4.77 (1H, ddd, J = 10.2, 3.6, 2.4 Hz), 2.50 (1H, ddd, J = 13.8, 3.6, 
1.2 Hz), 2.36 (1H, dd, J= 13.2, 9.0 Hz), 2.20 (1H, s), 1.88-1.75 (5H, m), 1.70-1.67 (1H, m), 
1.29-1.05 (5H, m). 13C NMR (150 MHz, CDCl3) δ 152.0, 144.3, 128.5, 127.6, 126.0, 111.1, 
71.9, 46.1, 44.0, 32.9, 32.4, 27.0, 26.8, 26.5. IR (neat) νmax 3390.4 (br), 2932.5 (s), 2851.3 
(m), 1639.0 (m), 1493.6 (m), 1449.2 (m), 1028.4 (m), 888.1 (m), 755.2 (m), 699.0 (s), 
556.4 (m) cm-1. HRMS (DART+) for: C16H21 [M+H-H2O]+ calculated: 213.1643, found: 
213.1641. []D20  +44.267 (c = 2.140, CHCl3, l = 50 mm). 
 
  
137 
Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with  vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) 
and 1,1′-Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-3-cyclohexyl-1-phenylbut-3-en-1-ol 
 
Racemic Material                          Standard Conditions 
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(R)-6-(tert-butyldimethylsilyloxy)-3-methylene-1-phenylhex- 
an-1-ol (2.69). The reaction was performed according to the 
general procedure (Method A) with vinyl boronic acid pinacol ester (46.2 mg, 0.30 mmol, 
1.00 equiv.), phenyl lithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 5-
((tert-butyldimethylsilyl)oxy)pent-1-en-2-yl trifluoromethanesulfonate (2.193) (115.0 mg, 
0.33 mmol, 1.10 equiv.), Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.01 equiv.), 2.52 (3.80 mg, 
0.0036 mmol, 0.012 equiv.) in THF (1.2 mL, 0.25 M). The crude mixture was purified by 
silica gel chromatography (3% ethyl acetate in hexanes) to afford the title compound as 
clear colorless oil (43.3 mg, 45% yield). 1H NMR (600 MHz, CDCl3) δ 7.39-7.31 (4H, m), 
7.28-7.22 (1H, m), 4.95 (1H, s), 4.92 (1H, s), 4.81 (1H, dd, J = 9.5, 4.1 Hz), 3.63 (2H,  t, J 
= 6.4), 2.37 (1H, dd, J = 14.1, 4.0 Hz), 2.41 (1H, dd, J = 14.1, 9.5 Hz), 2.16-2.12 (3H, m), 
1.74-1.64 (2H, m), 0.90 (9H, s), 0.05 (6H, s). 13C NMR (125 MHz, CDCl3) δ 146.2, 144.2, 
128.6, 127.6, 125.9, 113.1, 71.7, 62.8, 47.1, 32.1, 31.0, 47.1, 32.1, 31.0, 26.1, 18.52, -5.1. 
IR (neat) νmax 3438.3(br), 2952.8 (s), 2929.3 (s), 2886.0 (m), 2856.5 (s), 1644.4 (s), 1492.5 
(m), 1454.1 (s), 1254.3 (s), 1101.3 (s), 835.4 (s), 775.2 (s), 699.2 (s) cm-1. HRMS (DART) 
for: C19H31O1Si1 [M+H-H2O]+ calculated: 303.2144, found: 303.2154. [α]D20 +22.00 (c = 
0.26, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  6-((tert-butyldimethylsilyl)oxy)-3-methylene-1-phenylhexan-1-ol.  
 
  Racemic Material                      Standard Conditions 
                                     
       
  
  
140 
(R,E)-1-phenylundec-3-en-1-ol (2.70). The reaction was 
performed according to the general procedure (Method A) 
with vinyl boronic acid pinacol ester (46.2 mg, 0.30 mmol, 1.00 equiv.) phenyl lithium 
(0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), (E)-non-1-en-1-yl 
trifluoromethanesulfonate (2.189) (90.5 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (0.670 mg, 
0.003 mmol, 0.01 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 0.012 equiv.) in THF (1.2 mL, 
0.25 M). The crude mixture was purified by silica gel chromatography (30% CH2Cl2 in 
pentane) to afford the title compound as clear colorless oil (39.9 mg, 54% yield). 1H NMR 
(600 MHz, CDCl3) δ 7.35-7.345 (4H, m), 7.28-7.26 ( 1H, m),  5.58 (1H, ddd, J = 14.4,  6.6  
Hz), 5.40 (1H, ddd, J =  15.6, 7.2 Hz), 4.69-4.67 (1H, m), 2.47 (1H, ddd, J = 10.8, 5.4 Hz), 
2.41 (1H, ddd, J = 14.4, 7.8 Hz), 2.07 (1H, s), 2.02 (2H, q,  J = 7.2 Hz), 1.37-1.21 (10H, 
m), 0.89 (3H, t, J = 7.2 Hz,). 13C NMR (125 MHz, CDCl3) δ 144.2, 135.5, 128.5, 127.5, 
126.0, 125.5, 73.6, 43.0, 32.8, 33.0, 29.6, 29.3, 29.3, 14.3. IR (neat) νmax 3389.8 (w), 3065.9 
(s), 3029.0 (s), 2925.9 (s), 2855.9 (s), 1643.6 (s), 1453.3 (m), 1049.7 (m), 889.7 (s), 698.0 
(s) cm-1. HRMS (DART+) for: C17H25 [M+H-H2O]+ calculated: 229.1956, found: 
229.1953. [α]D20 +26.66 (c = 0.36, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R,E)-1-phenylundec-3-en-1-ol. 
 
                        Racemic Material                               Standard Conditions 
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(R)-3-(2-hydroxy-2-phenylethyl)benzaldehyde (2.71). The reaction 
was performed according to the general procedure (Method A) with 
5,5-dimethyl-2-vinyl-1,3,2-dioxaborinane (2.39) (42.0 mg, 0.30 mmol, 1.00 equiv.), 
phenyl lithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 3-formylphenyl 
trifluoromethanesulfonate.(2.200) (83.9 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (0.670 
mg, 0.003 mmol, 0.01 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 0.012 equiv.) in THF (1.2 mL, 
0.25 M). The crude mixture was purified by silica gel chromatography (20% EtOAc in 
hexanes) to afford the title compound as clear colorless oil (45 mg, 66% yield). 1H NMR 
(600 MHz, CDCl3) δ 9.97 (1H, s), 7.48-7.70 (2H, m), 7.46-7.26 (6H, m), 4.94 (1H, t, J = 
6.5 Hz), 3.12-3.10 (2H, m), 1.98 (1H, s). 13C NMR (125 MHz, CDCl3) δ 192.4, 143.5, 
139.3, 136.5, 135.8, 130.6, 129.0, 128.5, 127.9, 125.8, 75.2, 45.4. IR (neat) νmax 3423.5 
(br), 3062.1 (s), 3029.5 (s), 2922.1 (m), 2850.5 (s), 1691.3 (s), 1603.0 (d), 1451.7 (s), 
1241.1 (s), 1143.8 (s), 1048.0 (s), 698.8 (s) cm-1. HRMS (DART+) for: C15H18N1O1 
[M+NH4]+: calculated: 244.1339, found: 244.1338. [α]D20 +3.63 (c = 0.84, CHCl3, l =50 
mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester, and Pd(OAc)2 (5.0 mol%) and 
1,1′-Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel AS-H, 7% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-3-(2-hydroxy-2-phenylethyl)benzaldehyde.  
 
Racemic Material   Standard Conditions 
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(R)-methyl 2-(2-hydroxy-2-phenylethyl)cyclopent-1enecarboxylate 
(2.72). The reaction was performed according to the general 
procedure (Method A)  with vinyl boronic acid pinacol ester (46.2 mg, 0.30 mmol, 1.00 
equiv.) phenyl lithium (0.167 mL, 1.9M in dibutyl ether, 0.30 mmol, 1.00 equiv.), 5-
hydroxypent-1-en-2-yl trifluoromethanesulfonate (2.194) (90.5 mg, 0.33 mmol, 1.10 
equiv.), Pd(OAc)2 (0.670 mg, 0.003 mmol, 0.01 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 
0.012 equiv.) in THF (1.2 mL, 0.25 M). Oxidation was performed at pH 7 over 24 hours. 
A phosphate buffer solution was used instead of 3M NaOH solution. The crude mixture 
was purified by silica gel chromatography (40% CH2Cl2 in Hexanes) to afford the title 
compound as clear colorless oil (39.9 mg, 54% yield). 1H NMR (600 MHz, CDCl3) δ 7.40 
(2H, d, J = 12 Hz), 7.34 (2H, t, J = 6.0 Hz,7.27-7.24 (1H, m), 4.91 (1H, m), 3.75 (3H, s), 
3.11 (1H, dd, J = 13.2, 3.9 Hz), 2.79 (1H, dd, J= 13.3, 3.9 Hz), 2.66-2.62 (2H, m), 2.54-
2.48 (1H, m), 2.32-2.25 (1H, m) 1.81 (2H, q, J = 7.6 Hz). 13C NMR (125 MHz, CDCl3) δ 
168.0, 157.0, 145.0, 130.3, 128.4, 127.4, 125.6, 125.6, 73.32, 51.6, 40.37, 39.36, 33.60, 
21.74. IR (neat) νmax 3451.0 (br), 2952.0 (s), 2924.9 (s), 2854.8 (s), 1705.3 (s), 1636.0 (s), 
1434.7 (m), 1266.5 (m), 1198.3 (s), 1116.4 (s), 1054.1 (s), 768.6 (s), 701.9 (s) cm-1. HRMS 
(DART+) for: C15H17O2 [M+H-H2O]+: calculated: 229.1230, found: 229.1229. [α]D20 
+73.65 (c = 0.68, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – Methyl 
(R)-2-(2-hydroxy-2-phenylethyl)cyclopent-1-ene-1-carboxylate.               
 
    Racemic Material                                       Standard Conditions 
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(S)-4-methyl-1-phenylpentan-2-ol (2.73). The reaction was performed 
according to the general procedure (Method B) with 2-isobutyl-5,5-
dimethyl-1,3,2-dioxaborinane (2.186) (51.0 mg, 0.30 mmol), vinylllithium (0.211 mL, 
1.42M in diethyl ether, 0.30 mmol), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 
mmol), Pd(OAc)2 (1.34 mg, 0.006 mmol), 2.52 (7.60 mg, 0.0072 mmol) in THF (1.2 mL, 
0.25 M). The crude mixture was purified by silica gel chromatography (40% CH2Cl2 in 
hexanes) to afford the title compound as clear oil. (31.6 mg, 59% yield). 1H NMR (600 
MHz, CDCl3) δ 7.30 (2H, t, J = 7.2 Hz), 7.20-7.24 (3H, m), 3.87-3.89 (1H, m), 2.80 (1H, 
dd, J = 13.2, 3.6 Hz), 2.61 (1H, dd, J = 13.2, 8.4 Hz), 1.78-1.85 (1H, m), 1.41-1.48 (2H, 
m), 1.27-1.31 (1H, m), 0.93 (3H, d, J = 6.6 Hz), 0.90 (3H, d, J = 8.4 Hz). 13C NMR (150 
MHz, CDCl3) δ 138.8, 129.6, 128.7, 126.6, 70.9, 46.2, 44.8, 24.8, 23.6, 22.2. IR (neat) νmax 
3387 (br), 3027 (w), 2953 (m), 2921 (m), 2868 (w), 2362 (w), 1512 (w), 1466 (m), 1346 
(w), 1136 (w), 1078 (m), 1019 (m), 743 (s), 697 (s), 603 (w) cm-1. HRMS (DART+) for 
C12H17 [M+H-H2O]+  calculated: 161.1330, found: 161.1337.  [α]20D +4.736 (c = 0.285, 
CHCl3, l = 50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1’-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57).  
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35°C, 210-270 nm) – analysis 
of  (S)-4-methyl-1-phenylpentan-2-ol. 
 
       Racemic Material    Standard Conditions  
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(R)-1-cyclohexyl-2-phenylethan-1-ol (2.74). The reaction was  performed 
according to the general procedure (Method B) with 2-cyclohexyl-5,5-
dimethyl-1,3,2-dioxaborinane (2.185) (58.8 mg, 0.30 mmol, 1.00 equiv.), vinyllithium 
(0.210 mL, 1.42 M in Et2O, 0.30 mmol, 1.00 equiv.), phenyltrifluoromethanesulfonate 
(74.60 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (1.30 mg, 0.0060 mmol, 0.020 equiv.), 2.52 
(7.60 mg, 0.0072 mmol,0.024 equiv.) in THF (1.20 mL, 0.25 M).  The crude mixture was 
purified by silica gel chromatography (5% ethyl acetate in hexanes, stain in CAM) to afford 
the title compound as white solid (49.2 mg, 80% yield). 1H NMR (600 MHz, CDCl3) δ 
7.31-7.28 (2H, m), 7.23-7.18 (3H, m), 3.57 (1H, ddd, J = 9.6, 6.0, 3.6 Hz), 2.87 (1H, dd, J 
= 13.2, 3.0 Hz), 2.58 (1H, dd, J = 13.2, 9.0 Hz), 1.92-1.88 (1H, m), 1.80-1.62 (3H, m), 
1.70-1.64 (1H, m), 1.44-1.38 (2H, m), 1.28-1.04 (5H, m). 13C NMR (150 MHz, CDCl3) δ 
139.39, 129.53, 128.72, 126.51, 76.95, 43.35, 40.95, 29.49, 28.16, 26.71, 26.47, 26.33. IR 
(neat) νmax 3327.3 (br), 3024.8 (w), 2923.1 (s), 2852.3 (m), 1493.7 (w), 1444.5 (w), 1401.3 
(m), 1085.0 (w), 1059.6 (m), 1001.9 (m), 749.5 (s), 698.2 (s) cm-1. HRMS (DART+) for 
C14H24NO [M+NH4]+  calculated: 222.1858, found: 222.1858. [α]20D +23.326 (c = 1.445, 
CHCl3, l =50 mm).  
 
  
149 
Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis  
(R)-1-cyclohexyl-2-phenylethan-1-ol. 
 
                        Racemic Material                               Standard Conditions 
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(R)-1-(naphthalen-2-yl)-2-phenylethan-1-ol (2.75). The reaction was  
performed according to the general procedure (Method B) with 5,5-
dimethyl-2-(naphthalen-2-yl)-1,3,2-dioxaborinane (2.183) (72.0 mg, 0.30 mmol, 1.00 
equiv.), vinyllithium (0.210 mL, 1.42 M in Et2O, 0.30 mmol, 1.00 equiv.), 
phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (1.30 mg, 
0.0060 mmol, 0.020 equiv.), 2.52 (7.60 mg, 0.0072 mmol,0.024 equiv.) in THF (1.20 mL, 
0.25 M).  The crude mixture was purified by silica gel chromatography (15% ethyl acetate 
in hexanes, stain in CAM) to afford the title compound as white solid (69.0 mg, 93% yield). 
1H NMR (600 MHz, CDCl3) δ7.84-7.78 (4H, m), 7.51-7.45 (3H, m), 7.29 (2H, t, J = 7.2 
Hz), 7.23-7.20 (3H, m), 5.06 (1H, dd, J = 7.8, 4.2 Hz), 3.13 (1H, dd, J = 13.2, 4.8 Hz). 3.06 
(1H, dd, J = 14.4, 9.0 Hz), 2.04 (1H, br s). 13C NMR (150 MHz, CDCl3) δ 141.38, 138.14, 
133.47, 133.19, 129.72, 128.75, 128.38, 128.16, 127.87. 126.86, 126.31, 126.03, 124.79, 
124.28, 75.63, 46.21. IR (neat) νmax 3529.1 (br), 3461.9 (br), 3057.9 (w), 3025.9 (w), 
2914.8 (w), 1601.1 (w), 1494.2 (w). 1360.6 (w), 1077.5 (w), 1043.3 (m), 893.2 (m), 818.4 
(s), 743.5 (s), 727.6 (s), 698.7 (s), 481.6 (s) cm-1. HRMS (DART+) for C18H15 [M+H-
H2O]+  calculated: 231.1174, found: 231.1170. [α]20D -2.515 (c = 1.340, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel ODR-H, 15% MeOH, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – 
analysis  (R)-1-(naphthalen-2-yl)-2-phenylethan-1-ol. 
 
                   Racemic Material                                      Standard Conditions 
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(R)-2-phenyl-1-(3,4,5-trimethoxyphenyl)ethan-1-ol (2.76). The 
reaction was performed according to the general procedure (Method 
B) with 2-(3,4,5-trimethoxyphenyl)-5,5-dimethyl-1,3,2-
dioxaborinane (2.89) (84.0 mg, 0.30 mmol, 1.00 equiv.), vinyllithium (0.210 mL, 1.42 M 
in Et2O, 0.30 mmol, 1.00 equiv.), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 
1.10 equiv.), Pd(OAc)2 (1.30 mg, 0.0060 mmol, 0.020 equiv.), 2.52 (7.60 mg, 0.0072 mmol, 
0.024 equiv.) in THF (1.20 mL, 0.25 M).  The crude mixture was purified by silica gel 
chromatography (10% ethyl acetate in hexanes, stain in CAM) to afford the title compound 
as white solid (66.70 mg, 77% yield). 1H NMR (600 MHz, CDCl3) δ 7.31-7.28 (2H, m), 
7.24-7.21 (1H, m), 7.20-7.17 (2H, m), 6.54 (2H, s), 4.82 (1H, t, J = 6.6 Hz), 3.82 (9H, s), 
3.00 (1H, dd, J = 13.2, 5.4 Hz), 2.96 (1H, dd, J = 13.8, 8.4 Hz), 1.94 (1H, d, J = 1.8 Hz). 
13C NMR (150 MHz, CDCl3) δ 153.32, 139.66, 138.05, 137.38, 129.67, 128.65, 126.80, 
102.91, 75.63, 60.99, 56.23, 46.26. IR (neat) νmax 3462.0 (br), 2939.3 (w), 2836.6 (w), 
1592.2 (m), 1506.7 (m), 1456.5 (m), 1326.3 (m), 1233.5 (m), 1125.3 (s), 1007.6 (s), 701.3 
(w) cm-1. HRMS (DART) for C17H19O3 [M+H-H2O]+  calculated: 271.1334, found: 
271.1327. [α]20D: -1.373 (c = 0.510, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel ODR-H, 6% MeOH, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – 
analysis of   (R)-2-phenyl-1-(3,4,5-trimethoxyphenyl)ethan-1-o 
 
  Racemic Material     Standard Conditions 
`                                                    
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(R)-1-(4-(diphenylamino)phenyl)-2-phenylethan-1-ol (2.77). The 
reaction was performed according to the general procedure (Method 
B) with 4-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-N,N-diphenylaniline (2.184) (107.18 
mg, 0.30 mmol, 1.00 equiv), vinyllithium (0.176 mL, 1.72 M in Et2O, 0.30 mmol, 1.00 
equiv.), phenyltrifluoromethanesulfonate (75.60 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 
(1.30 mg, 0.006 mmol, 0.02 equiv.), 2.52 (7.60 mg, 0.0072 mmol, 0.024 equiv.) in THF 
(1.20 mL, 0.25 M).  The crude mixture was purified by silica gel chromatography (40% 
CH2Cl2 in hexanes) to afford the title compound as white solid (81.0 mg, 75% yield). 1H 
NMR (600 MHz, CDCl3) δ 7.33-7.31 (2H, m), 7.26-7.22 (10H, m), 7.09-7.06 (5H, m), 
7.02-7.00 (2H, m), 4.87-4.84 (1H, m), 3.06 (1H, dd, J = 13.6, 4.6 Hz), 3.01 (1H, dd, J = 
13.6, 8.8 Hz), 1.91 (1H, s). 13C NMR (150 MHz, CDCl3) δ 147.9, 147.4, 138.3, 138.1, 
129.7, 129.4, 128.7, 127.0, 126.8, 124.3, 124.3, 124.2, 122.9, 75.2, 46.1. IR (neat) νmax 
3383.1 (br), 3061.3 (m), 2922.1 (w), 2854.4(w), 1589.0 (s), 1508.9 (s), 1314.1 (m), 1277.3 
(s), 752.2 (s), 696.0 (s) cm-1. HRMS (DART+) for: C26H22NN1 [M+H-H2O]+: calculated: 
348.1752, found: 348.1763. [α]D20 -7.79 (c =0 .43, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-1-(4-(diphenylamino)phenyl)-2-phenylethan-1-ol.  
 
                        Racemic Material                           Standard Conditions 
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(R)-2-phenyl-1-(o-tolyl)ethan-1-ol (2.78). The reaction was performed 
according to the general procedure (Method B) with 5,5-dimethyl-2-(o-
tolyl)-1,3,2-dioxaborinane (2.180). (61.20 mg, 0.30 mmol, 1.00 equiv.), vinyllithium 
(0.176 mL, 1.72 M in Et2O, 0.30 mmol, 1.00 equiv.), phenyltrifluoromethanesulfonate 
(74.60 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (1.30 mg, 0.0060 mmol, 0.010 equiv.), 2.52 
(7.60 mg, 0.0072 mmol, 0.012 equiv.) in THF (1.20 mL, 0.25 M).  The crude mixture was 
purified by silica gel chromatography (2% ethyl acetate in pentane, stain in CAM) to afford 
the title compound as white solid (57.6 mg, 90% yield). 1H NMR (600 MHz, CDCl3) δ 
7.60 (1H, d, J = 7.8 Hz), 7.36 (2H, t, J = 6.6 Hz), 7.33-7.24 (5H, m), 7.18 (1H, d, J= 7.2 
Hz), 5.17 (1H, ddd, J = 5.4, 3.6, 1.8 Hz), 3.06 (1H, dd, J = 14.4, 4.8 Hz), 2.97 (1H, dd, J = 
13.8, 9.0 Hz), 2.33 (3H, s), 1.96 (1H, br s). 13C NMR (150 MHz, CDCl3) δ 142.17, 138.49, 
134.49, 130.41, 129.58, 128.66, 127.43, 126.74, 126.48, 125.37, 71.85, 45.15, 19.12. IR 
(neat) νmax 3384.9 (br), 3061.3 (w), 2920.4 (w), 2859.95 (w), 1603.1 (w), 1494.1 (m), 
1454.0 (m), 1076.0 (m), 1038.8 (m), 755.1 (s). 738.2 (m), 698.4 (s) cm-1. HRMS (DART+) 
for C15H15 [M+H-H2O]+  calculated: 195.1174, found: 195.1181. [α]20D +30.812 (c = 1.760, 
CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OJ-H, 10% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis  
(R)-2-phenyl-1-(o-tolyl)ethan-1-ol. 
 
Racemic Material        Standard Conditions 
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(R)-1-(3,5-dimethylphenyl)-2-phenylethan-1-ol (2.79). The reaction 
was performed according to the general procedure (Method B) with 2-
(3,5-dimethylphenyl)-5,5-dimethyl-1,3,2-dioxaborinane (65.4 mg, 
0.30 mmol) (2.182), vinylllithium (0.211 mL, 1.42M in diethyl ether, 0.30 mmol), 
phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol), Pd(OAc)2 (1.34 mg, 0.006 
mmol), 2.52 (7.60 mg, 0.0072 mmol) in THF (1.2 mL, 0.25 M). The crude mixture was 
purified by silica gel chromatography (40% CH2Cl2 in hexanes) to afford the title 
compound as clear oil. (45.4 mg, 67% yield). 1H NMR (600 MHz, CDCl3) δ 7.34 (2H, t, J 
= 7.2 Hz), 7.25-7.28 (3H, m,), 7.02 (2H, s), 6.96 (1H, s), 4.84 (1H, dd, J = 9.0, 4.2 Hz,), 
3.05 (1H, dd, J = 14.4, 4.8 Hz,), 2.98 (1H, dd, J = 14.4, 9.6 Hz,), 2.36 (6H, s), 1.98 (1H, s). 
13C NMR (150 MHz, CDCl3) δ 144.0, 138.5, 138.1, 129.6, 129.3, 128.6, 126.7, 123.8, 75.5, 
46.2, 21.4. IR (neat) νmax 3404 (br), 3060 (w), 3026 (w), 2941 (m), 2859 (w), 2361 (w), 
1603 (m), 1453 (m), 1180 (w), 1051 (m), 849 (s), 748 (m), 698 (s), 507 (m) cm-1.  HRMS 
(DART+) for C16H17 [M+H-H2O]+ calculated: 209.1330, found: 209.1320. [α]20D +10.24 
(c = 2.835, CHCl3, l = 50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1’-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57).  
 
Chiral SFC (Chiracel OJ-H, 10% IPA, 3 mL/min, 100 bar, 35°C, 210-270 nm) – analysis 
of (R)-1-(3,5-dimethylphenyl)-2-phenylethan-1-ol. 
 
       Racemic Material          Standard Conditions  
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(R)-1-(2,6-dimethylphenyl)-2-phenylethan-1-ol (2.80). The reaction was  
performed according to the general procedure (Method B) with 2-(2,6-
dimethylphenyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.181) (65.4 mg, 0.30 mmol, 1.00 
equiv.), vinyllithium (0.210 mL, 1.42 M in Et2O, 0.30 mmol, 1.00 equiv.), 
phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (1.30 mg, 
0.0060 mmol, 0.020 equiv.), 2.52 (7.60 mg, 0.0072 mmol, 0.024 equiv.) in THF (1.20 mL, 
0.25 M).  The crude mixture was purified by silica gel chromatography (40% CH2Cl2 in 
pentane, stain in CAM) to afford the title compound as white solid (50.50 mg, 74% yield). 
1H NMR (600 MHz, CDCl3) δ 7.31 (2H, t, J = 6.6 Hz), 7.26-7.20 (3H, m), 7.17 (1H, t, J 
= 7.2 Hz), 7.00 (2H, d, J = 7.8 Hz), 5.32 (1H, ddd, J = 7.8 4.8, 1.8 Hz). 3.22 (1H, dd, J = 
13.8, 9.0 Hz), 3.01 (1H, dd, J = 13.8, 5.4 Hz), 2.43 (6H, s), 1.83 (1H, d, J = 2.4 Hz). 13C 
NMR (150 MHz, CDCl3) δ 138.90, 138.80, 136.24, 129.55, 129.52, 128.65, 127.30, 126.66, 
72.00, 42.33, 20.96. IR (neat) νmax 3549.2 (br), 3429.9 (br), 3062.1 (w), 3025.8 (w), 2925.0 
(w), 2864.5 (w), 1601.8 (w), 1495.1 (m), 1468.0 (m), 1453.1 (w), 1045.3 (m) 769.9 (s), 
752.6 (s), 700.0 (s) cm-1. HRMS (DART+) for C16H17 [M+H-H2O]+  calculated: 209.1330, 
found: 209.1323. [α]20D -6.573 (c = 1.660, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OJ-H, 10% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis  
(R)-1-(2,6-dimethylphenyl)-2-phenylethan-1-ol. 
 
Racemic Material    Standard Conditions 
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(R)-1-(1-methyl-1H-indol-5-yl)-2-phenylethanol (2.85). The reaction 
was performed according to the general procedure (Method B) with 5-
(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-1-methyl-1H-indole (2.188) 
(75.20 mg, 0.30 mmol, 1.00 equiv.), vinyllithium (0.210 mL, 1.42 M in Et2O, 0.30 mmol, 
1.00 equiv.), phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 1.10 equiv.), 
Pd(OAc)2 (1.30 mg, 0.0060 mmol, 0.020 equiv.), 2.52 (7.60 mg, 0.0072 mmol, 0.024 
equiv.) in THF (1.20 mL, 0.25 M). The crude mixture was purified by silica gel 
chromatography (15% ethyl acetate in hexanes, stain in CAM) to afford the title compound 
as white solid (64.8 mg, 86% yield). 1H NMR (500 MHz, CDCl3) δ 7.61 (1H, s), 7.630-
7.21 (7H, m), 7.04 (1H, d, J = 3.0 Hz), 6.45 (1H, d, J = 3.0 Hz), 4.99 (1H, t, J = 7.0 Hz), 
3.78 (3H, s), 3.09 (2H, d, J = 7.0 Hz), 1.93 (1H, br s). 13C NMR (150 MHz, CDCl3) δ 
138.83, 136.45, 135.12, 129.62, 129.38, 128,49, 128.48, 126.47, 119.99, 118.41, 109.30, 
101.15, 76.21, 46.42, 32.97. IR (neat) νmax 2960.4 (w), 3383.6 (w), 3025.8 (w), 2919.9 (w), 
1512.4 (m), 1451.7 (w), 1244.5 (w), 1030.9 (w), 721.5 (s), 699.7 (s) cm-1. HRMS (DART+) 
for C12H18NO [M+H]+ calculated: 252.1379 found: 252.13884. [α]D20: -10.328 (c = 2.08, 
CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OJ-H, 30% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of  (R)-1-(1-methyl-1H-indol-5-yl)-2-phenylethanol.  
 
         Racemic Material                           Standard Conditions 
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(R)-1-(4-methoxyphenyl)-2-phenylethan-1-ol (2.82). The reaction 
was performed according to the general procedure (Method B) with 2-
(4-methoxyphenyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.178) (66.0 mg, 0.30 mmol, 1.00 
equiv.), vinyllithium (0.210 mL, 1.42 M in Et2O, 0.30 mmol, 1.00 equiv.), 
phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (1.30 mg, 
0.0060 mmol, 0.020 equiv.), 2.52 (7.60 mg, 0.0072 mmol, 0.024 equiv.) in THF (1.20 mL, 
0.25 M).  The crude mixture was purified by silica gel chromatography (40% CH2Cl2 in 
pentane, stain in CAM) to afford the title compound as white solid (59.60 mg, 87% yield). 
1H NMR (600 MHz, CDCl3) δ 7.31-7.24 (4H, m), 7.23-7.21 (1H, m), 7.17 (2H, d, J = 6.6 
Hz), 6.87 (2H, d, J = 9.0 Hz), 4.84 (1H, t, 6.6 Hz), 3.80 (3H, s), 3.02-2.96 (2H, m), 1.92 
(1H, br s). 13C NMR (150 MHz, CDCl3) δ 159.21, 138.29, 136.14, 129.63, 128.60, 127.29, 
126.68, 113.91, 75.11, 55.42, 46.15. IR (neat) νmax 3389.0 (br), 3002.2 (w), 2918.0 (w), 
2835.9 (w), 1611.4 (m), 1512.2 (s), 1454.2 (w), 1302.3 (w), 1246.0 (s), 1157.1 (m), 1032.9 
(m). 831.9 (m), 699.4 (m) cm-1. HRMS (DART+) for C15H15O [M+H-H2O]+  calculated: 
211.1123, found: 211.1123. [α]20D -2.0386 (c = 1.275, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 8% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of   (R)-1-(4-methoxyphenyl)-2-phenylethan-1-ol. 
 
Racemic Material     Standard Conditions 
`                                   
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(R)-1-(4-chlorophenyl)-2-phenylethan-1-ol (2.83). The reaction was 
performed according to the general procedure (Method B) with 2-(4-
chlorophenyl)-5,5-dimethyl-1,3,2-dioxaborinane (2.179) (67.30 mg, 0.30 mmol, 1.00 
equiv.), vinyllithium (0.176 mL, 1.72 M in Et2O, 0.30 mmol, 1.00 equiv.), 
phenyltrifluoromethanesulfonate (74.60 mg, 0.33 mmol, 1.10 equiv.), Pd(OAc)2 (1.30 mg, 
0.0060 mmol, 0.020 equiv.), 2.52 (7.60 mg, 0.0072 mmol, 0.024 equiv.) in THF (1.20 mL, 
0.25 M).  The crude mixture was purified by silica gel chromatography (30% CH2Cl2 in 
pentane, stain in CAM) to afford the title compound as clear oil (46.40 mg, 66% yield). 1H 
NMR (600 MHz, CDCl3) δ 7.30-7.20 (7H, m), 7.13 (2H, d, 6.0 Hz), 4.84 (1H, ddd, J = 8.4, 
5.4, 3.0 Hz), 2.97 (1H, dd, J = 13.8, 4.8 Hz), 2.92 (1H, dd, J = 13.8, 8.4 Hz), 1.95 (1H, d, 
2.4 Hz). 13C NMR (150 MHz, CDCl3) δ 142.34, 137.65, 133.36, 129.64, 128.73, 128.65, 
127.43, 126.91, 74.78, 46.24. IR (neat) νmax 3389.5 (br), 3085.1 (w), 3062.2 (w), 3027.9 
(w), 2851.4 (w), 1600.0 (w), 1492.5 (m), 1453.6 (w), 1089.4 (m), 1013.2 (m), 827.6 (m), 
745.7 (m). 699.7 (s), 544.76 (s) cm-1. HRMS (DART+) for C14H12Cl [M+H-H2O]+  
calcualted: 215.0628, found: 215.0636. [α]20D -8.716 (c = 1.845, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 6% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis  
(R)-1-(4-chlorophenyl)-2-phenylethan-1-ol. 
 
Racemic Material         Standard Conditions 
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   2.9.2.1.6. (-)-Combretastatin Synthesis (2.92) 
 
Preparation of triflate electrophile. 
 
3-((tert-butyldimethylsilyl)oxy)-4-methoxybenzaldehyde (2.203) To an 
oven-dried 100 mL round bottom flask equipped with a magnetic stir bar 
was added isovanillin (2.202) (4.12 g, 28.29 mmol, 1.0 equiv.) and N,N-
dimethylformamide (30 mL). The solution was allowed to cool to 0 ℃ under a nitrogen 
atmosphere, and N,N-diisopropylethylamine (6.83 g, 52.82 mmol, 2.0 equiv.) was added 
and the solution was allowed to stir at 0 ℃ for 10 minutes. To the cooled reaction solution 
was added tert-butyldimethylsilyl chloride (4.7565 g, 31.56 mmol, 1.2 equiv.) as a 1 M 
solution in THF over 30 minutes via syringe pump. The reaction solution was allowed to 
warm to room temperature and stir at room temperature for 12 hours.  The solution was 
diluted with diethyl ether, washed with water and brine, and dried with sodium sulfate. 
After removing solvent under reduced pressure the residue was purified by flash column 
chromatography (10% EtOAc in hexane) to afford the title compound as  clear colorless 
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oil (6.89 g, 99% yield). All spectral data was in accordance with the literature.57 
 
3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenol (2.204). To an oven-
dried 250 mL round bottom flask equipped with a magnetic stir bar was 
added TBS-protected isovanillin (2.203) (6.89 g, 25.99 mmol, 1.0 equiv.) and anhydrous 
CH2Cl2 (103 mL), the reaction solution was allowed to cool to 0 ℃ and placed under 
nitrogen.  To this cooled solution was added 3-chloroperbenzoic acid (13.45 g, 38.98, 1.5 
equiv.), the solution was refluxed for 3 hours, the resulting solution was washed twice with 
saturated aqueous NaHCO3. The organic phase was dried over anhydrous MgSO4 and the 
solvent was removed under reduced pressure. The resulting residue was dissolved in 
methanol (150 mL), and to this solution was added Na2CO3 (0.64 g, 5.19 mmol, 0.2 equiv.). 
The reaction mixture was left to stir at room temperature for 2 hours, after which the 
solution was quenched with aqueous NH4Cl and extracted with CH2Cl2 (4x45 mL). The 
combined organic layers were dried over Na2SO4, filtered through a neutral alumina pad, 
and concentrated under reduced pressure. The resulting residue was used in next step 
without further purification. 
 
3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl trifluoromethanesulf-
onate (2.90) The crude residue of 2.204 from the last step was subjected 
to the general procedure for preparation of aryl triflates to afford the title compound 
(8.1837 g, 97% yield). (81% overall yield over three steps). 1H NMR (600 MHz, CDCl3) 
                                                 
57 Ramana. Reddy, M. V.; Mallireddigari, M. R.; Cosenza, S. C.; Pallela, V. R.; Iqbal, N. M.; Robell, K. A.; 
Kang, A. D.; Reddy, E. P. J. Med. Chem. 2008, 51, 86. 
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δ 6.84-6.80 (2H, m), 6.85 (1H, d, J = 2.4 Hz), 3.80 (3H, s), 0.97 (9H, s), 0.15 (6H, s). 13C 
NMR (150 MHz, CDCl3) δ 151.2, 146.1, 142.8, 122.2, 120.0, 117.9, 114.5, 114.2, 112.0, 
56.0, 25.8, 18.6, -4.5. IR (neat) νmax 2932.6 (w), 1603.6 (m), 1505.0 (s), 1419.9 (m), 1181.4 
(s), 1107.9 (s), 882.2 (m), 826.9 (s), 802.1 (s), 693.6 (m), 599.4 (m), 505.6 (s) cm-1. HRMS 
(DART+) for C14H22F3O5S1Si1 [M+H]+  calculated: 387.0909, found: 387.0908. 
 
 (R)-2-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)- 
1-(3,4,5-trimethoxyphenyl)ethan-1-ol (2.91). The 
conjunctive reaction was performed according to the general 
procedure (Method B) with 5,5-dimethyl-2-(3,4,5-trimethoxyphenyl)-1,3,2-dioxaborinane 
(2.89) (84.0 mg, 0.30 mmol, 1.00 equiv.), vinyllithium (0.190 mL, 1.59 M in Et2O, 0.30 
mmol, 1.00 equiv.), 3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl 
trifluoromethanesulfonate (2.90) (139.0 mg, 0.36 mmol, 1.20 equiv.), Pd(OAc)2 (0.67 mg, 
0.0030 mmol, 0.010 equiv.), 2.52 (3.80 mg, 0.0036 mmol, 0.012 equiv.) in THF (1.20 mL, 
0.25 M).  The crude mixture was purified by silica gel chromatography (15-25% ethyl 
acetate in hexanes, stain in CAM) to afford the title compound as colorless oil (107.0 mg, 
80% yield). 1H NMR (600 MHz, CDCl3) δ 6.76 (1H, d, J = 7.8 Hz), 6.71-6.66 (2H, m), 
6.53 (2H, s), 4.73 (t, J = 5.4 Hz), 3.82 (6H, s), 3.81 (3H, s), 3.76 (3H, s), 2.90 (1H, dd, J = 
13.8, 4.8 Hz), 2.84 (1H, dd, 13.8, 8.4 Hz), 2.02 (1H, br s), 0.97 (9H, s), 0.11 (6H, d, J = 3.0 
Hz). 13C NMR (150 MHz, CDCl3) δ 153.32, 149.98, 145.14, 139.68, 137.34, 130.44, 
122.78, 122.32, 112.33, 103.0, 75.62, 60.98, 56.25, 55.70, 45.42, 25.87, 18.59, -4.48. [α]20D 
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-6.772 (c = 0.502, CHCl3, l =50 mm). lit: [α]20D -8.51 (c = 2.4, CHCl3).58 All spectral data 
was in accordance with the literature.58 
 
Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method B) with Pd(OAc)2 (5.0 mol%) and 1,1′-
Bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry was assigned by comparison to the literature.58 
 
Chiral SFC (Chiracel ODR-H, 10% MeOH, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – 
analysis of (R)-2-(3-((tert-butyldimethylsilyl)oxy)-4-methoxyphenyl)-1-(3,4,5-
trimethoxyphenyl)ethan-1-ol. 
Racemic Material         Standard Conditions 
 
 
 
 
 
 
 
 
                                                 
58 Ramacciotti, A.; Fiaschi, R.; Napolitano, E.Tetrahedron Asymmetry 1996, 7, 1101. 
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(-)-Combretastatin (2.92). Combretastatin was prepared 
according to the reported procedure to afford the desired 
product in 97 % yield. [α]20D: -5.458 (c = 0.795, CHCl3, l =50 
mm). All spectral data was in accordance with previous reports.58 
 
  2.9.2.1.7. Deuterium-labeling Experiment 
 
 
 
Procedure for the Preparation of trans-deuterium-labeled vinyllithium. The trans-
deuterium labeled vinyllithium was prepared according to the literature procedure with 
modification (27). To an oven-dried 25 mL round bottom flask equipped with a magnetic 
stir bar in an Ar-filled glovebox was added bis(tributylstannyl)ethylene (2.205) (1.818 g, 
3.00 mmol, 1.0 equiv.), and THF (3 mL), sealed with a rubber septum, and removed from 
glovebox. The reaction flask was allowed to cool to -78 ℃, and n-butyllithium (3.30 mmol, 
1.1 equiv.) was added dropwise. The mixture was allowed to stir for additional 2 hours at 
-78 ℃. Then acetic acid-d4 was added dropwise at -78 ℃. The mixture was allowed to 
warm to room temperature and quenched with saturated sodium bicarbonate solution. The 
aqueous layer was extracted with hexanes (3 x 20 mL).  The combined organic layers were 
dried over Na2SO4, filtered through a neutral alumina pad, and concentrated under reduced 
pressure. The result residue was used in next step without further purification. The resulting 
residue from last step was brought into an Ar-filled glovebox and transferred into an oven-
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dried 25 mL round bottom flask equipped with a magnetic stir bar, diluted with THF (3 
mL), sealed with a rubber septum, and removed from glovebox. The reaction flask was 
allowed to cool to -78 ℃, and n-butyllithium (3.00 mmol, 1.0 equiv.) was added dropwise. 
The reaction flask was allowed to stir for additional 2 hours at -78 ℃. Upon completion, 
the trans-deuterium labeled vinyllithium solution was allowed to warm to room 
temperature, titrated with BHT and 1,10-phenanthroline in THF, and used in conjunctive 
cross coupling. 
 
 
Procedure for the Conjunctive Cross Coupling with trans-deuterium-labeled Vinyllithium. 
To an oven-dried 2-dram vial equipped with a magnetic stirbar in an Ar-filled glovebox 
was added phenyl boronic acid pinacol ester (2.98) (61.2 mg, 0.30 mmol, 1.0 equiv.) and 
diethyl ether (0.3 mL), sealed with a septum cap, and removed from the glovebox. The 
reaction vial was allowed to cool to 0 ℃, and trans-deuterium (2.99) labeled vinyllithium 
solution (0.30 mmol, 1.0 equiv.) was added at 0 ℃. The reaction vial was allowed to warm 
to room temperature and stir for 30 minutes. Over this period, white solid formed. Pentane 
(2 mL) was added to the reaction mixture by syringe, and the white solid was allowed to 
settle down to the bottom of the vial. The clear supernatant was removed via syringe. The 
resulting white solid was suspended in pentane (3 mL), the white solid was allowed to 
settle down to the bottom of the vial, and the clear supernatant was removed via syringe. 
The pentane wash process was repeated three times. Then, the solvent was carefully 
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removed under reduced pressure, and the reaction vial was brought back into the glovebox. 
To a separated oven-dried 2-dram vial equipped with a magnetic stirbar in the glovebox 
was charged with Pd(OAc)2 (0.67 mg, 0.003 mmol, 0.01 equiv.), 2.52 (3.80 mg, 0.0036 
mmol, 0.012 equiv.)  and THF (0.6 mL). The Pd(OAc)2/2.52 solution was allowed to stir 
for 20 minutes at room temperature. Then the Pd(OAc)2/2.52 solution was transferred into 
the reaction vial, followed by THF (0.6 mL), and cyclohexylidenemethyl 
trifluoromethanesulfonate (2.100) (80.6 mg, 0.33 mmol, 1.10 equiv.) was added. The 
reaction vial was sealed with a polypropylene cap, taped, and brought out of the glovebox 
where it was allowed to stir at 60 ℃ for 14 hours. The resulting mixture was allowed to 
cool to room temperature, filtered through a silica gel plug with diethyl ether, and 
concentrated under reduced pressure. The reaction mixture was diluted with THF (3 mL), 
allowed to cool to 0 ℃ and 3M NaOH (2 mL) was added, followed by 30% H2O2 (1.0 mL), 
dropwise.  The reaction mixture was allowed to warm to room temperature, and was 
allowed to stir at room temperature for 4 hours.  The reaction mixture was allowed to cool 
to 0 ℃ and saturated aq. Na2S2O3 (3 mL) was added dropwise.  The reaction mixture was 
allowed to warm to room temperature and the aqueous layer was extracted with ethyl 
acetate (3 x 20 mL).  The combined organic layers were dried over Na2SO4, filtered, 
concentrated under reduced pressure, and subsequently purified via silica gel column 
chromatography (5% ethyl acetate in hexanes) to afford the title compound as colorless oil 
(37.2 mg, 57% yield). 
 
 (1R,2R)-3-cyclohexylidene-1-phenylpropan-2-d-1-ol (2.101). 1H NMR 
(500 MHz, CDCl3) δ 7.35-7.31 (4H, m), 7.26-7.23 (1H, m), 5.09 (1H, d, 
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J = 7.5 Hz), 4.64 (1H, d, J = 5.5 Hz), 2.46 (1H, t, J = 7.5 Hz), 2.13-2.05 (4H, m), 2.01 (1H, 
s), 1.52-1.46 (4H, m), 1.45-1.35 (2H, m); 13C NMR (100 MHz, CDCl3) δ 144.4, 144.3, 
128.5, 127.5, 126.1, 116.3, 74.2, 37.5, 29.1, 28.8, 28.0, 27.0. IR (neat) νmax 3358.7 (br), 
2923.1 (s), 2851.4 (m), 1493.1 (m), 1446.7 (m), 1343.0 (m), 1233.2 (m), 1025.2 (m), 849.3 
(m), 755.9 (m), 697.7 (s), 546.8 (m) cm-1. HRMS (DART+) for: C15H18D1 [M+H-H2O]+: 
calculated: 200.1550, found: 200.1551. []D20 = +40.061 (c = 0.640, CHCl3, l = 50 mm). 
 
Analysis of Stereochemistry. Racemic compound was prepared according to the general 
procedure (Method A) with vinyl boronic acid pinacol ester,  and Pd(OAc)2 (5.0 mol%) 
and 1,1′-bis(dicyclohexyl-phosphino)ferrocene (6.0 mol%) as the catalyst.  Absolute 
stereochemistry was assigned by analogy (see products 2.55, 2.40, and 2.57). 
 
Chiral SFC (Chiracel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (1R,2R)-3-cyclohexylidene-1-phenylpropan-2-d-1-ol. 
 
  Racemic Material       Standard Conditions 
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Proof of Stereochemistry. (1R,2R)-3-cyclohexylidene-1-phenylpropan-2-d-1-ol (2.102) 
was ozonized, reduced, and cyclized as an acetonide by the sequence shown below.  
Relative stereochemistry was determined by measuring the coupling constants. 
 
 
To an oven-dried 6-dram vial equipped with a magnetic stirbar was added (1R,2R)-3-
cyclohexylidene-1-phenylpropan-2-d-1-ol (2.101) (38.2 mg, 0.18 mmol, 1.00 equiv.), 
dichloromethane (3.0 mL), and methanol (3.0 mL). The reaction mixture was allowed to 
cool to -78℃, and O3 was bubbled through the reaction mixture until the solution turned 
to blue. Then sodium borohydride (200 mg, 5.3 mmol, 29.4 equiv.) was added, and the 
reaction mixture was allowed to warm to room temperature and stir for 5 hours. Upon 
completion, reaction mixture was quenched with water, the aqueous layer was extracted 
with ethyl acetate (3 x 20 mL).  The combined organic layers were dried over Na2SO4, 
filtered, concentrated under reduced pressure, and subsequently purified via silica gel 
column chromatography (30 % ethyl acetate in hexane) to afford (1R,2R)-1-
phenylpropane-2-d-1,3-diol as colorless oil (19.5 mg, 71% yield). 
 To an oven-dried 6-dram vial equipped with a magnetic stirbar was added (1R,2R)-
1-phenylpropane-2-d-1,3-diol (19.5 mg, 0.13 mml, 1.00 equiv.), 2,2-dimethoxypropane 
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(0.3 mL), and dichloromethane (2.0 mL). The reaction mixture was allowed to cool to 0℃, 
and pyridinium p-toluenesulfonate (3.3 mg, 0.013 mmol, 0.10 equiv.) was added. The 
reaction mixture was allowed to warm to room temperature and stir for 12 hours. Upon 
completion, the reaction mixture was concentrated under reduced pressure, and 
subsequently purified via silica gel column chromatography (5 % ethyl acetate in hexane) 
to afford (4R,5R)-2,2-dimethyl-4-phenyl-1,3-dioxane-5-d (2.102) as colorless oil (20.6 mg, 
82% yield). 
 
(4R,5R)-2,2-dimethyl-4-phenyl-1,3-dioxane-5-d (2.102). 1H NMR (600 MHz, 
CDCl3) δ 7.38-7.32 (4H, m), 7.27-7.24 (1H, m), 4.91 (1H, d, J = 12.0 Hz), 4.13 
(1H, t, J = 12.6 Hz), 3.91 (1H, dd, J = 11.4, 4.8 Hz), 1.88 (1H, dt, J = 12.6, 5.4 Hz), 2.01 
(1H, s), 1.57 (3H, s), 1.49 (3H, s). 13C NMR (150 MHz, CDCl3) δ 142.6, 128.6, 127.8, 
126.1, 99.0, 71.6, 60.3, 30.3, 19.4. IR (neat) νmax 2992.2 (m), 2938.2 (m), 2866.1 (m), 
1452.7 (m), 1378.4 (s), 1368.5 (s), 1223.1 (m), 1195.6 (s), 1163.6 (m), 949.2 (m), 886.8 
(s), 698.4 (s), 520.8 (m) cm-1. HRMS (DART+) for: C12H16D1O2 [M+H]+: calculated: 
194.1291, found: 194.1289. 
 
anti-relative stereochemistry was determined  
by measuring the coupling constant 
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 2.9.2.2. Alkenyl Conjunctive Cross-Coupling 
  2.9.2.2.1. Procedures for the Synthesis of Alkenyl Boronic Esters 
 
 
 
 (E)-2-(Hex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  
(2.127). Prepared according to the procedure reported in the literature59 with 1-Hexyne 
(2.206) (2.30 mL, 20.0 mmol, 1.0 equiv.), catecholborane (2.34 mL, 22.0 mmol, 1.1 equiv.), 
pinacol (2.84 g, 24 mmol, 1.2 equiv.), and THF (50 mL). The crude residue was purified 
on silica gel flash chromatography with the Biotage Isolera One with 7-47% CH2Cl2 in 
hexanes to afford the title compound as  clear colorless oil which was then distilled under 
reduced pressure to afford clear colorless oil (2.84 g, 68%). 1H NMR (600 MHz, CDCl3) 
δ 6.63 (1H, dt, J = 17.4, 6.6 Hz), 5.42 (1H, d, J = 17.4 Hz), 2.17-2.12 (2H, m), 1.42-1.36 
(2H, m), 1.35-1.28 (2H, m), 1.26 (12H, s), 0.88 (1H, t, J = 7.2 Hz). 13C NMR (150 MHz, 
CDCl3) δ 154.9, 83.1, 35.7, 30.5, 24.9, 22.4, 14.1. 11B NMR (160 MHz, CDCl3) δ 29.6. IR 
(neat) νmax 2977.7 (w), 2928.4 (w), 2872.8 (w), 1638.0 (m), 1466.5 (w), 1358.9 (s), 1316.4 
(s), 1144.1 (s), 997.7 (m), 970.9 (m), 849.6 (m) cm-1. HRMS (DART+) for C12H24BO2 
[M+H]+ calculated: 211.1869, found: 211.1862. 
                                                 
59 Yoo, K. S.; Yoon, S. H.; Jung K. W. J. Am. Chem. Soc. 2006, 128, 16384. 
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E)-2-(3,3-Dimethylbut-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lane (2.207). Prepared according to the procedure reported in the 
literature 60  with pivalaldehyde (0.48 mL, 4.4 mmol, 1.1 equiv.), bis[pinacolato) 
boryl]methane (1.07 g, 4.0 mmol, 1.0 equiv.), lithium tetramethyl piperidide (0.65 g, 4.4 
mmol, 1.1 equiv.), and THF (15 mL). The crude residue was purified on silica gel flash 
chromatography with 2% ethyl acetate in hexanes to afford the title compound as clear 
colorless oil (0.55 g, 65% yield). All spectral data was in accord with the literature.61 
 
 (E)-4,4,5,5-Tetramethyl-2-(4-methylpenta-1,3-dien-1-yl)-1,3,2-diox- 
aborolane (2.208). Prepared according to the procedure reported, and 
all spectral data in accord with the literature.60 
 
 (E)-2-(2-(Furan-3-yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  
(2.209). Prepared according to the procedure reported in the literature60 
with 3-furancarboxaldehyde (0.43 mL, 5.0 mmol, 1.0 equiv.), bis[(pinacolato) 
boryl]methane (1.60 g, 6.0 mmol, 1.2 equiv.), lithium tetramethyl piperidide (0.88 g, 6.0 
                                                 
60 Coombs, J. R.; Zhang, L.; Morken, J. P. Org. Lett. 2015, 17, 1708. 
61 Stulgies, B.; Prinz, P.; Magull, J.;  Rauch, K.; Meindl, K.; Ruhl, S.; de Meijere. A. Chem. Eur. J. 2004, 
11, 308. 
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mmol, 1.2 equiv.), and THF (20.0 mL). The crude residue was purified with the Biotage 
Isolera One in 10-50% CH2Cl2 in hexanes to afford the title compound as white solid (0.744 
g, 68%). 1H NMR (600 MHz, CDCl3) δ 7.49 (1H, s), 7.38-7.35 (1H, m), 7.27 (1H, d, J = 
18.0 Hz), 6.60 (1H, d, J = 1.2 Hz), 5.83 (1H, d, J = 18.6 Hz), 1.29 (12H, s). 13C NMR (150 
MHz, CDCl3) δ 143.9, 142.4, 139.5, 126.0, 107.5, 83.4, 25.0. 11B NMR (160 MHz, CDCl3) 
δ 29.7. IR (neat) νmax 3104.6 (w), 2938.0 (w), 1630.1 (s), 1560.4 (w), 1373.1 (m), 1347.1 
(s), 1322.8 (s), 1237.0 (m), 1140.7 (s), 1086.3 (m), 1023.2 (m), 994.2 (m), 965.6 (m), 869.3 
(m), 846.5 (m), 793.5 (m) cm-1. HRMS (DART+) for C12H18BO3 [M+H]+ calculated: 
221.1349, found: 221.1352. 
 
 (E)-2-(2-Fluorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  
(2.210). Prepared according to the procedure reported in the literature60 
with 2-fluorobenzaldehyde (0.93 mL, 8.8 mmol, 1.1 equiv.), bis[pinacolato) boryl]methane 
(2.14 g, 8.0 mmol, 1.0 equiv.), lithium tetramethyl piperidide (1.30 g, 8.8 mmol, 1.1 equiv.), 
and THF (30 mL). The crude residue was purified on silica gel flash chromatography with 
2% ethyl acetate in hexanes to afford the title compound as pale yellow oil (1.55 g, 78% 
yield). All spectral data was in accord with the literature.62 
 
 (E)-2-(2-(Benzo[d][1,3]dioxol-5-yl)vinyl)-4,4,5,5-tetramethyl- 
1,3,2-dioxaborolane (2.211). Prepared according to the procedure 
reported in the literature60 with piperonal (0.45 g, 3.0 mmol, 1.0 equiv.), 
                                                 
62 Jang, H.; Zhugralin, A. R.; Lee, Y.; Hoveyda, A. H. J. Am. Chem. Soc. 2011, 133, 7859. 
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bis[(pinacolato)boryl]methane (0.88 g, 3.3 mmol, 1.1 equiv.), lithium 
tetramethylpiperidide (0.49 g, 3.3 mmol, 1.1 equiv.), and THF (12 mL). The crude residue 
was purified with the Biotage Isolera One in 10-50% CH2Cl2 in hexanes to afford the title 
compound as white solid (0.49 g, 59% yield). All spectral data was in accord with the 
literature.63 
 
 
 
 (E)-4,4,5,5-Tetramethyl-2-styryl-1,3,2-dioxaborolane (2.213). 
Prepared according to the procedure reported in the literature64  with 
trans-2-phenylvinylboronic acid (2.212) (1.0 g, 6.8 mmol, 1.0 equiv.), pinacol (0.84 g, 7.1 
mmol, 1.05 equiv.), and a pentane/Et2O 2:1 mixture (8 mL). The crude residue was purified 
on a silica gel plug with CH2Cl2 to afford the title compound as white solid (1.47 g, 94%). 
All spectral data was in accord with the literature.65 
 
 
 
                                                 
63 Reid, W. B.; Spillane, J. J.; Krause, S. B.; Watson, D. A. J. Am. Chem. Soc. 2016, 138, 5539. 
64 Zhang, L.; Lovinger, G. J.; Edelstein, E. K.; Szymaniak, A. A.; Chierchia, M. P.; Morken, J. P. Science. 
2016, 351, 70. 
65 Tucker, C. E.; Davidson, J.; Knochel, P. J. Org. Chem. 1992, 57, 3482.  
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 (E)-2-(4-Methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 
(2.215). Prepared according to the procedure reported in the 
literature with slight modification. 66 In an Ar-filled glove box, an oven dried round bottom 
flask equipped with a magnetic stir bar was charged with bis(cyclopentadienyl) zirconium 
IV chloride hydride (Shwartz’s reagent, 0.077 g, 0.3 mmol, 0.06 equiv.) and sealed with a 
rubber septum. Outside the glove box, under N2, 4-ethynyl anisole (2.214) (0.650 mL, 5.0 
mmol, 1.0 equiv.) was added followed by pinacolborane (0.73 mL, 5.0 mmol, 1.0 equiv.) 
dropwise. The reaction mixture was allowed to stir at room temperature for 16 h under N2. 
The reaction mixture was quenched with H2O (10 mL) and then allowed to stir for 10 min 
at room temperature. The aqueous layer was then extracted with Et2O (2x 20 mL). The 
organic layer was drier over Na2SO4, filtered, and concentrated under reduced pressure. 
The crude residue was purified on silica gel chromatography with 5% ethyl acetate in 
hexanes to afford the title compound as white solid (1.14 g, 87% yield). All spectral data 
was in accord with the literature.3 
 
 
 
(Z)-4,4,5,5-Tetramethyl-2-(prop-1-en-1-yl)-1,3,2-dioxaborolane (2.216). A 
round bottom flask equipped with a magnetic stir bar was flame dried and 
back-filled with N2 then charged with diethyl ether (20 mL) and cis-1-bromo-1-propene 
                                                 
66 Crestey, F.; Hooyberghs, G.; Kristensen, J. L. Tetrahedron. 2012, 68, 1417. 
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(0.85 mL, 10.0  mmol, 1.0 equiv.) The mixture was allowed to cool to -78 °C, and tert-
butyllithium (11.1 mL, 1.8 M in pentane, 20 mmol, 2.0 equiv.) was added dropwise 
cautiously. The mixture was allowed to stir for 30 minutes at -78 °C. Another round bottom 
flask equipped with a magnetic stir bar was flame dried and back-filled with N2 then 
charged with diethyl ether (20 mL) and 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2.65 mL, 13.0 mmol, 1.3 equiv.). The solution was allowed to cool to 0 °C 
and the freshly prepared alkenyl lithium solution was added dropwise and rinsed with 
additional diethyl ether (5 mL). The resulting solution was allowed to stir for 30 minutes 
at -78 °C then was allowed to warm to room temperature and allowed to stir for an 
additional 30 minutes. The solution was then allowed to cool to 0 °C and HCl (1M, 15 mL) 
was added dropwise. The resulting solution was allowed to warm to room temperature and 
allowed to stir for one hour. The mixture was transferred to a separatory funnel and the 
aqueous layer was extracted with diethyl ether (3x 30 mL). The combined organic layers 
were dried over Na2SO4, filtered, and concentrated under reduced pressure. The crude 
residue was purified using the Biotage Isolera one (50 g column) with 10-40% CH2Cl2 in 
hexanes to afford the title compound as clear colorless oil (0.360 g, 21% yield). All spectral 
data was in accord with the literature.67 
 
Trimethyl(1-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)vinyl)silane  
(2.217). A round bottom flask equipped with a magnetic stir bar was flame 
dried and back-filled with N2 then charged with diethyl ether (15 mL) and (1-
                                                 
67 Althaus, M.; Mahmood, A.; Suárez, J. R.; Thomas, S. P.; Aggarwal, V. K.. J. Am. Chem. Soc. 2010, 132, 
4025. 
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bromovinyl)trimethylsilane (1.20 mL, 7.7  mmol, 1.0 equiv.) The mixture was allowed to 
cool to -78 °C, and tert-butyllithium (9.06 mL, 1.7 M in pentane, 15.4 mmol, 2.0 equiv.) 
added dropwise cautiously. The mixture was allowed to stir for 30 minutes at -78 °C. 
Another round bottom flask equipped with a magnetic stir bar was flame dried and back-
filled with N2 then charged with diethyl ether (15 mL) and 2-isopropoxy-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (2.04 mL, 10.0 mmol, 1.3 equiv.). The solution was 
allowed to cool to 0 °C and the freshly prepared alkenyl lithium solution was added 
dropwise and rinsed with additional diethyl ether (5 mL). The resulting solution was 
allowed to stir for 30 minutes at -78 °C then was warmed to room temperature and allowed 
to left to stir for an additional 30 minutes. The solution was then allowed to cool to 0 °C 
and HCl (1M, 12 mL) was added dropwise. The resulting solution was allowed to warm to 
room temperature then allowed to stir for one hour. The mixture was transferred to a 
separatory funnel and the aqueous layer was extracted with diethyl ether (3x 30 mL). The 
combined organic layers were dried over Na2SO4, filtered, and concentrated under reduced 
pressure. The crude residue was purified on silica gel with 5% ethyl acetate in hexanes to 
afford the title compound as clear colorless oil (1.29 g, 72% yield). All spectral data was 
in accord with the literature.68 
 
 
 
                                                 
68 Kurahashi, T.; Hata, T.; Masai, H.; Kitagawa, H.; Shimizu, M.; Hiyama, T. Tetrahedron. 2002, 58, 6381. 
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(Z)-4,4,5,5-Tetramethyl-2-styryl-1,3,2-dioxaborolane (2.218).  Prepared 
according to the procedures reported in the literature.69,70 All spectral data 
was in accord with the literature.71 
 
 
 
4,4,5,5-Tetramethyl-2-(2-methylprop-1-en-1-yl)-1,3,2-dioxaborolane  
(2.220). Prepared according to the procedure reported in the literature72 
with 2-methyl-1-propenylmagnesium bromide (2.219) (0.35 M in THF, 13.0 mL, 4.55 
mmol, 1.0 equiv.), 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1.39 mL, 6.83 
mmol. 1.5 equiv.) and THF (5.0 mL). The crude residue was purified on silica gel flash 
chromatography with 5% ethyl acetate in hexanes to afford a clear colorless oil which was 
then distilled under reduced pressure to afford the title compound as clear colorless oil 
(0.607 g, 73% yield). 1H NMR (600 MHz, CDCl3) δ 5.11 (1H, s), 1.98 (3H, s), 1.86 (3H, 
s), 1.25 (12H, s). 13C NMR (150 MHz, CDCl3) δ 159.6, 82.7, 29.1, 25.0, 22.8. 11B NMR 
(160 MHz, CDCl3) δ 29.4. IR (neat) νmax 2977.7 (w), 2931.6 (w), 1643.3 (m), 1445.2 (m), 
1397.1 (s), 1378.6 (s), 1357.7 (s), 1316.2 (s), 1264.3 (s), 1143.1 (s), 970.6 (m), 852.1 (m) 
cm-1. HRMS (DART+) for C10H20BO2 [M+H]+ calculated: 183.1556, found: 183.1560. 
 
                                                 
69 Nishihara, Y.; Miyasaka, M.; Okamoto, M.; Takahashi, H.; Inoue, E.; Tanemura, K; Takagi, K. J. Am. 
Chem. Soc. 2007, 129, 12634. 
70 Luan, Y.; Barbato, K. S.; Moquist, P. N.; Kodama, T.; Schaus, S. E. J. Am Chem. Soc. 2015, 137, 3233. 
71 Gunanathan, C.; Holscher, M.; Pang, F.; Leitner, W. J. Am. Chem. Soc. 2012, 134, 14349. 
72 Myslinska, M.; Heise, G. L.; Walsh, D. J. Tetrahedron Lett. 2012, 53, 2937.  
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All other boronic esters were purchased and used without further purification. Vinyl 
boronic acid pinacol ester, trans-1-propenylboronic acid pinacol ester, isopropenyl boronic 
acid pinacol ester, cyclohexen-1-ylboronic acid pinacol ester, and 3,6-dihydro-2H-
pyridine-1-N-Boc-4-boronic acid pinacol ester were purchased from Combi Blocks. 
(trans)-2-cyclopropylvinyl boronic acid pinacol ester, trans-4-(tert-Butyldimethylsiloxy)-
1-buten-1-ylboronic acid pinacol ester, and 1-phenylvinyl boronic acid pinacol ester were 
purchased from Sigma Aldrich. All other trifluoromethanesulfonates were purchased and 
used without further purification. 4-methoxyphenyl trifluoromethanesulfonate was 
purchased from Oakwood. 6-Quinolinyl trifluoromethanesulfonate and 1-cylcohexenyl 
trifluoromethanesulfonate were purchased from Sigma Aldrich.  
  
   2.9.2.2.2. Procedures for the Synthesis of Vinyllithium from  
   Tetravinyltin 
 
Lithium-tin exchange: 
 
 
To an oven-dried 250 mL round bottom flask equipped with a stir bar in an Ar-filled 
glovebox was added tetravinyltin (5.67 g, 25.0 mmol, 1.0 equiv.) and pentane (100 mL). 
The reaction flask was sealed with a rubber septum, removed from the glovebox, and 
allowed to cool to 0 ℃. Under N2, n-butyllithium (18.9 mL. 2.65 M in hexanes, 2.0 equiv.) 
was added via syringe pump over an hour. Vinyllithium formation was observed as white 
187 
suspension in the reaction flask within 2-3 minutes of initial nBuLi addition. Upon 
completion of slow addition at 0 ℃, the flask was allowed to warm to room temperature 
and left to stir an additional 2 hours. The reaction flask was then sealed, and returned to an 
Ar-filled glovebox. The vinyllithium suspension was vacuum filtered through a fritted 
funnel and the solid vinyllithium was consecutively washed with pentane (3x 30 mL), then 
dried under reduced pressure.  
Caution should be taken with the pentane filtrate, as organotin waste is toxic and is 
to be disposed of accordingly. Caution should also be taken with the dry vinyllithium, as it 
is a very fine powder and pyrophoric.  
The solid vinyllithium was dissolved in THF (approximately 40 mL) and then 
filtered through acrodisc syringe filters to afford the vinyllithium solution in quantitative 
yield as  pale yellow solution which is stored under Ar in the freezer of the glovebox. The 
molarity of the solution is determined by titration with BHT in the presence of 1,10-
phenanthroline and generally ranges from 1.3 – 1.9 M. 
 
Note: Freshly titrated good quality (clear or pale yellow and particulate free) nbutyllithium 
was used to afford the vinyllithium solution as a pale yellow solution. Older bottles of 
nBuLi that have turned darker yellow and cloudy will afford vinyllithium as a dark yellow 
or orange solution in THF. While this vinyllithium is still efficient in the reaction, higher 
Pd/ligand loadings (3.0 mol% vs. 1.0 mol%) may be required.  
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   2.9.2.2.4. General Procedures for Conjunctive Cross-Coupling  
   with Alkenyl Boronic Esters 
 
Method C: Halide-free vinyllithium with liquid trifluoromethanesulfonate electrophiles of 
reported density 
 
 
To an oven-dried 2-dram vial equipped with a magnetic stir bar in an Ar-filled glovebox 
was added alkenyl boronic ester (0.30 mmol, 1.0 equiv.) and THF (0.60 mL). The vial was 
sealed with a septum cap, removed from the glove box, allowed to cool to 0 ℃, and under 
N2, vinyllithium (solution in THF, 0.30 mmol, 1.0 equiv.) was added. The reaction vial 
was allowed to warm to room temperature and allowed to stir for 5 minutes. Pd(OAc)2 and 
2.52 were added as a solution in THF (0.30 – 0.60 mL) that had been pre-stirred for 10 
minutes then THF was added to bring the concentration to 0.2 M. The triflate (0.36 mmol, 
1.2 equiv.) was added. The reaction vial was taped to seal, heated to 60 ℃, and allowed to 
stir for 3-16 hours. The resulting mixture was allowed to cool to room temperature, filtered 
through a silica gel plug with diethyl ether, and concentrated under reduced pressure to 
afford the crude reaction residue which was purified on silica gel. 
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Method D: Halide-free vinyllithium with solid trifluoromethanesulfonate electrophiles or 
liquid trifluoromethanesulfonate electrophiles of unreported density. 
 
 
To an oven-dried 2-dram vial equipped with a magnetic stir bar in an Ar-filled glovebox 
was added alkenyl boronic ester (0.30 mmol, 1.0 equiv.) and THF (0.60 mL). The vial was 
sealed with a septum cap and removed from the glove box. Under N2, the reaction vial was 
allowed to cool to 0 ℃ and vinyllithium (solution in THF, 0.30 mmol, 1.0 equiv.) was 
added. The reaction vial was allowed to warm to room temperature, allowed to stir for 5 
minutes, and then returned to an Ar-filled glove box. Pd(OAc)2 and 2.52 were added as a 
solution in THF (0.30 – 0.60 mL) that had been pre-stirred for 10 minutes then THF was 
added to bring the concentration to 0.2 M. The triflate (0.36 mmol, 1.2 equiv.) was added. 
The reaction vial was sealed with a polypropylene cap, removed from the glove box, heated 
to 60 ℃, and allowed to stir for 3-16 hours. The resulting mixture was allowed to cool to 
room temperature, filtered through a silica gel plug with diethyl ether, and concentrated 
under reduced pressure to afford the crude reaction residue which was purified on silica 
gel. 
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Method E: Halide-free vinyllithium with bromide electrophiles 
 
To an oven-dried 2-dram vial equipped with a magnetic stir bar in an Ar-filled glovebox 
was added alkenyl boronic ester (0.30 mmol, 1.0 equiv.) and THF (0.60 mL). The vial was 
sealed with a septum cap and removed from the glove box. Under N2, the reaction vial was 
allowed to cool to 0 ℃ and vinyllithium (solution in THF, 0.30 mmol, 1.0 equiv.) was 
added. The reaction vial was allowed to warm to room temperature, allowed to stir for 5 
minutes, and then returned to an Ar-filled glove box. Potassium trifluoromethanesulfonate 
(0.36 mmol, 1.2 equiv.) was added. Pd(OAc)2 (0.006 mmol, 2%) and 2.52 (0.0066 mmol, 
2.2%) were added as a solution in THF (0.60  mL) that had been pre-stirred for 10 minutes 
then THF was added to bring the concentration to 0.2 M. The bromide (0.36 mmol, 1.2 
equiv.) was added.  The reaction vial was sealed with a polypropylene cap, removed from 
the glove box, heated to 60 ℃, and allowed to stir for 16 hours. The resulting mixture was 
allowed to cool to room temperature, filtered through a silica gel plug with diethyl ether, 
and concentrated under reduced pressure to afford the crude reaction residue which was 
purified on silica gel. 
 
Method F: Vinyl magnesium chloride 
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To an oven-dried 2-dram vial equipped with a magnetic stir bar in an Ar-filled glovebox 
was added alkenyl boronic ester (0.30 mmol, 1.0 equiv.), sodium 
trifluoromethanesulfonate (0.60 mmol, 2.0 equiv.), THF (0.30 mL), and DMSO (0.3 mL). 
The vial was sealed with a septum cap and removed from the glove box. Under N2, the 
reaction vial was allowed to cool to 0 ℃ and vinyl magnesium chloride (solution in THF, 
0.30 mmol, 1.0 equiv.) was added. The reaction vial was allowed to warm to room 
temperature, allowed to stir for 15 minutes, and then returned to an Ar-filled glove box. 
Pd(OAc)2 (0.006 mmol, 0.02 equiv.) and 2.52 (0.0066 mmol, 0.022 equiv.) were added as 
a solution in THF (0.6 mL) that had been pre-stirred for 10 minutes then THF was added 
to bring the concentration to 0.2 M. The triflate (0.36 mmol, 1.2 equiv.) was added. The 
reaction vial was sealed with a polypropylene cap, removed from the glove box, heated to 
50 ℃, and allowed to stir for 16 hours. The resulting mixture was allowed to cool to room 
temperature, filtered through a silica gel plug with diethyl ether, and concentrated under 
reduced pressure to afford the crude reaction residue which was purified on silica gel. 
 
Method G: Vinyllithium from lithium-bromide exchange 
 
 
Preparation of Vinyl Bromide Solution in diethyl ether: A 2-neck round bottom flask 
equipped with a magnetic stir bar and condensation funnel was flame dried and back-filled 
with N2. Diethyl ether was added (8.0 mL). The condensation funnel was allowed to cool 
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to -78 ℃. Vinyl bromide gas was condensed into the ether (approximately 20-30 drops) to 
afford a vinyl bromide solution in diethyl ether of approximately 0.9-2 M. The molarity of 
the solution was determined by 1H NMR spectroscopy using 1,3,5-trimethoxybenzene as 
internal standard. This solution was stored under nitrogen or argon in the fridge. 
 
Ate complex formation: An oven-dried 2 dram vial equipped with a magnetic stir bar was 
evacuated and back-filled with N2 then charged with vinyl bromide (0.28 mL, 0.33 mmol, 
1.2 M in Et2O, 1.1 equiv.). The solution was allowed to cool to -78 ℃ and tert-butyllithium 
(0.36 mL, 0.63 mmol, 1.75 M in pentane, 2.1 equiv.) was added dropwise. The reaction 
mixture was allowed to stir 30 min at -78 ℃. Alkenyl boronic ester (0.30 mmol, 1.0 equiv.) 
was added as a solution in diethyl ether (0.40 mL). The solution was left to stir for 5 minutes 
at -78 ℃ then allowed to warm to room temperature and left to stir for 10 minutes. The 
solvent was carefully removed under reduced pressure to afford the ate complex as free 
flowing white solid which was brought into an Ar-filled glove box. 
- This can be done on small scale and immediately used in a coupling reaction 
(yield based off of amount of boronic ester used) or on larger (gram) scale and 
stored under Ar to be used at a later time. The yield of the coupling reaction in 
this case is based off of the electrophile amount, with the ate complex being 
used in excess (due to the difficulty of accurately quantifying the ate 
complex:LiBr ratio). 
 
Coupling Procedure when ate complex was made on small scale: In an Ar-filled glove box, 
to the dry ate complex was added potassium trifluoromethanesulfonate (0.60 mmol, 2.0 
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equiv.) followed by THF (0.60 mL). Pd(OAc)2 (0.006 mmol, 0.02 equiv.) and 2.52 (0.0066 
mmol, 0.021 equiv.) were added as a solution in THF (0.60 mL, then 0.30 mL to rinse) that 
had been pre-stirred for 10 minutes. The triflate (0.36 mmol, 1.2 equiv.) was added.  The 
reaction vial was sealed with a polypropylene cap, removed from the glove box, heated to 
60 ℃, and allowed to stir for 16 hours. The resulting mixture was allowed to cool to room 
temperature, filtered through a silica gel plug with diethyl ether, and concentrated under 
reduced pressure to afford the crude reaction residue which was purified on silica gel.  
 
Coupling Procedure when ate complex was used after being stored: In an Ar-filled glove 
box, to a 2-dram vial equipped with a stir bar was added the dry ate complex (0.45 mmol, 
1.5 equiv.), potassium trifluoromethanesulfonate (0.90 mmol, 3.0 equiv.) followed by THF 
(0.60 mL). Pd(OAc)2 (0.006 mmol, 0.02 equiv.) and 2.52 (0.0066 mmol, 0.021 equiv.) 
were added as a solution in THF (0.60 mL, then 0.30 mL to rinse) that had been pre-stirred 
for 10 minutes. The triflate (0.30 mmol, 1.0 equiv.) was added.  The reaction vial was 
sealed with a polypropylene cap, removed from the glove box, heated to 60 ℃, and allowed 
to stir for 16 hours. The resulting mixture was cooled to room temperature, filtered through 
a silica gel plug with diethyl ether, and concentrated under reduced pressure to afford the 
crude reaction residue which was purified on silica gel. 
 
   2.9.2.2.4. Oxidation Procedures 
General Procedure for the Oxidation of Allylic Boronic Esters to Allylic Alcohols. The 
boronic ester was diluted with THF (3.0 mL) and allowed to cool to 0 ℃. 30% H2O2 (1.0 
mL) was added followed by 3M NaOH (2.0 mL). The reaction mixture was allowed to 
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warm to room temperature and was allowed to stir for 3 hours open to air.  The reaction 
mixture was then allowed to cool to 0 ℃ and saturated aqueous Na2S2O3 (4.0 mL) was 
added slowly to quench and the mixture was allowed to stir for 5 minutes at 0 ℃.  The 
mixture was allowed to warm to room temperature and the aqueous layer was extracted 
with diethyl ether (3 x 15.0 mL).  The combined organic layers were dried over Na2SO4, 
filtered, and concentrated under reduced pressure. The crude residue was purified on silica 
gel to afford the desired allylic alcohol for chiral SFC separation. 
 
Procedure for the Sodium Perborate Oxidation of Allylic Boronic Esters to Allylic Alcohols. 
The boronic ester was diluted with THF (2.0 mL) and H2O (2.0 mL). Sodium perborate 
monohydrate (300.0 mg, 10.0 equiv.) was added. The mixture was allowed to vigorously 
stir overnight for 14 hours open to air. The reaction mixture was transferred to a separatory 
funnel with ethyl acetate and brine. The aqueous layer was extracted with ethyl acetate (3 
x 15.0 mL). The combined organic layers were dried over Na2SO4, filtered, and 
concentrated under reduced pressure. The crude residue was purified on silica gel to afford 
the desired allylic alcohol for chiral SFC separation. 
 
 
 
 
 
 
 
195 
   2.9.2.2.5. Characterization of Conjunctive Cross-Coupling  
   Products and Analysis of Stereochemistry 
 
 (R,E)-4,4,5,5-Tetramethyl-2-(1-phenyloct-3-en-2-yl)-1,3,2- 
dioxaborolane (2.128). The reaction was performed according 
to the general procedure (Method C) with (E)-2-(hex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2.127) (63.0 mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 
0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), 
and was left to stir at 60 ℃ for 3 hours. The crude residue was purified on silica gel with 
(20-50% CH2Cl2 in pentane) to afford the title compound as clear colorless oil. (75.1 mg, 
80% yield, 92:8 er). 1H NMR (600 MHz, CDCl3) δ 7.25-7.18 (4H, m), 7.15-7.12 (1H, m), 
5.44-5.35 (2H, m), 2.83 (1H, dd, J = 13.8, 9.0 Hz), 2.72 (1H, dd, J = 13.8, 7.8 Hz),  2.13 
(1H, app q, J = 7.2 Hz), 1.96 (2H, app q, J = 6.0 Hz), 1.31-1.21 (4H, m), 1.16 (6H, s), 1.14 
(6H, s), 0.86 (3H, t, J = 7.2 Hz). 13C NMR (150 MHz, CDCl3) δ 142.1, 130.7, 130.0, 129.1, 
128.1, 125.7, 83.26, 37.4, 32.6, 31.9, 30.7 (C-B), 24.8, 24.7, 22.1, 14.1. 11B NMR (160 
MHz, CDCl3) δ 32.6. IR (neat) νmax 3026.8 (w), 2977.0 (w), 2957.0 (w), 2925.9 (w), 1465.7 
(w), 1368.9 (s), 1322.2 (s), 1248.9 (w), 1142.0 (s), 967.3 (m), 862.5 (m), 698.2 (m) 671.7 
(m) cm-1. HRMS (DART+) for C20H32BO2 [M+H]+ calculated: 315.2495, found: 315.2504. 
[α]20D -20.824 (c = 2.295, CHCl3, l =50 mm). 
 
Analysis of Stereochemistry: 
The boronic ester was oxidized according to the general procedure. The resulting allylic 
alcohol was compared to racemic alcohol prepared analogously with Pd(OAc)2 (5.0 mol%) 
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and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst. Absolute 
stereochemistry determined as shown below. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-1-phenyloct-3-en-2-ol. 
 
 
 
 
 
 
 
 
 
 
Absolute stereochemistry was determined by ozonolysis/reduction of the allylic alcohol to 
(R)-3-phenylpropane-1,2-diol (2.166) and comparison of the optical rotation to the reported 
value. 
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(R,E)-1-Phenyloct-3-en-2-ol (2.171). Prepared according to the 
general procedure for the oxidation of allylic boronic esters with 
(R,E)-4,4,5,5-tetramethyl-2-(1-phenyloct-3-en-2-yl)-1,3,2-dioxaborolane (2.128) (73.8 mg, 
0.23 mmol) to afford the title compound as clear colorless oil (45.7 mg, 96%, 92:8 er). 1H 
NMR (600 MHz, CDCl3) δ 7.33-7.29 (2H, m), 7.25-7.21 (3H, m), 5.67-5.61 (1H, m), 5.55-
5.50 (1H, m), 4.32-4.28 (1H, m), 2.85 (1H, dd, J = 13.8, 5.4 Hz),  2.79 (1H, dd, J = 13.2, 
7.8 Hz), 2.07-1.98 (2H, m), 1.58 (1H, br s), 1.38-1.25 (4H, m), 0.89 (3H, t, J = 7.2 Hz). 
13C NMR (150 MHz, CDCl3) δ 138.2, 132.6, 132.0, 129.7, 128.5, 126.6, 73.8, 44.3, 32.0, 
31.4, 22.3, 14.1. IR (neat) νmax 3380.2 (br), 3028.1 (w), 2955.9 (m), 2924.7 (m), 2856.4 
(m), 1495.0 (w), 1454.2 (w), 1093.1 (w), 1029.5 (s), 968.5 (s), 744.9 (s), 698.6 (s) cm-1. 
HRMS (DART+) for C14H19 [M+H-H2O]+ calculated: 187.1487, found: 187.1488. [α]20D 
-2.573 (c = 1.055, CHCl3, l =50 mm). 
 
(R)-3-phenylpropane-1,2-diol (2.221). To a 10-dram vial equipped with 
a magnetic was added (R,E)-1-phenyloct-3-en-2-ol (2.171) (100 mg). 
CH2Cl2 (4.0 mL), and methanol (4.0 mL). The solution was allowed to cool to -78 °C. 
While mixture was left open to the atmosphere, O3 was introduced for approximately 1 min 
until the solution turned a pale blue color. Sodium borohydride (300 mg) was then added 
as solid. The solution was allowed to stir for 5 min at -78 °C, and was then allowed to warm 
to room temperature and left to stir for 3 hours (open to the atmosphere). H2O was added 
(6 mL) and the solution was transferred to a separatory funnel with ethyl acetate. The layers 
were separated, and the aqueous layer was washed with ethyl acetate (3 x 10.0 mL). 
Combined organic dried over Na2SO4, filtered, and concentrated under reduced pressure. 
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The crude residue was then purified on silica gel with 50% ethyl acetate in hexanes to 
afford the title compound as colorless solid. All spectral data was in accord with the 
literature.73  The enantiomeric ratio was determined by chiral SFC analysis (92:8 er - 
Chiralcel OJ-H, 35 °C, 3 mL/min, 4% isopropanol, 100 bar).74 
 
[α]20D +13.632 (c = 0.635, CHCl3, l =50 mm).  
 
Reported for (R)-3-phenylpropane-1,2-diol (2.221):  
[α]20D: +22.1 (95% ee, c = 1.0, CHCl3).73 
[α]20D: +15.0 (99% ee, c = 1.0, CHCl3).75 
 
Gram-Scale Glove Box Free Procedure. To a 50 mL round bottom flask equipped with a 
magnetic stir bar was added (E)-2-(hex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (2.127) (1.05 g, 5.0 mmol, 1.0 equiv.). The vial was sealed with a rubber 
septum and was purged with N2. THF (10.0 mL) was added. The flask was allowed to cool 
to 0 ℃ and vinyllithium (3.14 mL, 1.59 M in THF, 5.0 mmol. 1 equiv.) was added dropwise 
cautiously. After the addition, the mixture was allowed to warm to room temperature and 
left to stir for 15 minutes. During this time, to a 2 dram vial equipped with a magnetic stir 
bar was added Pd(OAc)2 (11.2 mg, 0.05 mmol, 1%). and 2.52 (63.2 mg, 0.06 mmol, 1.2%). 
The vial was purged with N2, then THF was added (5.0 mL) and the solution was left to 
stir for 10 minutes. The Pd/Ligand solution was then added to the ate complex solution and 
                                                 
73 Toribatake, K.; Nishiyama, H. Angew. Chem. Int. Ed. 2013, 52, 11011.   
74 Fang, L.; Yan, L.; Haeffner, F.; Morken, J. P. J. Am. Chem. Soc., 2016, 138, 2508. 
75 Ramachary, D. B.; Barbas, C. F., III. Org. Lett., 2005, 7, 1577. 
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rinsed with an additional 5.0 mL of THF. Phenyl trifluoromethanesulfonate (0.96 mL, 6.0 
mmol, 1.2 equiv) was added. The reaction flask was taped to seal, and heated to 60 ℃ for 
16 hours. The resulting mixture was allowed to cool to room temperature, filtered through 
silica gel with Et2O, and concentrated under reduced pressure to afford the crude reaction 
residue which was purified on silica gel with 20-60% CH2Cl2 in pentane to afford the 
desired product as  clear colorless oil (1.28 g, 81% yield, 91:9 er). 
 
Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The racemic trace is shown above. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-1-phenyloct-3-en-2-ol. 
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Scheme 2.27a  – Grignard Reagent 
The reaction was performed according to the general procedure (Method F) with (E)-2-
(hex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.127) (42.0 mg, 0.20 mmol), 
phenyl trifluoromethanesulfonate (0.041 mL, 0.24 mmol), sodium 
trifluoromethanesulfonate (68.8 mg, 0.40 mmol), Pd(OAc)2 (0.90 mg, 0.004 mmol, 2%), 
2.52 (4.6 mg, 0.0044 mmol, 2.2%), and was left to stir at 50 ℃ for 16 hours. The crude 
mixture was purified on silica gel (20-50% CH2Cl2 in pentane) to afford the title compound 
as clear colorless oil (43.4 mg, 69% yield, 92:8 er). 
 
Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The racemic trace is shown above. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-1-phenyloct-3-en-2-ol. 
 
. 
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Scheme 2.27b – Vinyllithium from Lithium-Halogen Exchange 
The reaction was performed according to the general procedure (Method G) with (E)-2-
(hex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.127) (63.0 mg, 0.30 mmol), 
phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), potassium 
trifluoromethanesulfonate (112.9 mg, 0.60 mmol), Pd(OAc)2 (1.35 mg, 0.006 mmol, 2%), 
2.52 (6.95 mg, 0.0066 mmol, 2.2%), and was left to stir at 60 ℃ for 16 hours. The crude 
residue was purified on silica gel (20-50% CH2Cl2 in pentane) to afford the title compound 
as clear colorless oil (66.2 mg, 70% yield, 93:7 er). 
 
Analysis of Stereochemistry.The boronic ester was oxidized according to the general 
procedure. The racemic trace is shown above. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-1-phenyloct-3-en-2-ol. 
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 (R,E)-tert-Butyldimethyl((6-phenyl-5-(4,4,5,5-tetramethyl- 
1,3,2-dioxaborolan-2-yl)hex-3-en-1-yl)oxy)silane (2.137). 
The reaction was performed according to the general procedure (Method C) with (E)-tert-
butyldimethyl((4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-1-yl)oxy)silane 
(94.0 mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), 
Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left 
to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (30% CH2Cl2 in 
hexanes) to afford the title compound as clear colorless oil. (92.4 mg, 74% yield, 92:8 er). 
1H NMR (600 MHz, CDCl3) δ 7.24-7.21 (2H, m), 7.19 – 7.18 ( 2H, m), 7.15-7.13 ( 1H, 
m), 5.51 – 5.48 (1H, m), 5.38 (1H, dt, J = 15.0, 6.6 Hz), 3.54 (2H, t, J = 7.2 Hz), 2.83 (1H, 
dd, J = 13.8, 9.0 Hz), 2.73 (1H, dd, J = 13.2, 7.2 Hz), 2.20 (2H, app q, J = 7.2 Hz), 2.14 
(1H, app q, J = 7.8 Hz,), 1.16 (6H, s), 1.14 (6H, s), 0.89 (9H, s), 0.04 (6H, s). 13C NMR 
(150 MHz, CDCl3) δ 141.9, 132.3, 129.1, 128.1, 126.6, 125.8, 83.3, 63.7, 37.3, 36.7, 30.9 
(C-B), 26.1, 24.8, 24.7, 18.5, -5.1. 11B NMR (160 MHz, CDCl3) 32.7. IR (neat) νmax 3026.5 
(w), 2977.2 (m), 2856.6 (w), 1496.0 (w), 1369.5 (s), 1323.7 (s), 1251.4 (m), 1251.4 (w), 
1142.2 (s), 1095.2 (s), 937.5 (m), 832.7 (s), 774.0 (s), 746.7 (s), 670.0 (s) cm-1. HRMS 
(DART+) for C24H41BO3Si [M+H]+ calculated: 417.2996, found: 417.3012. [α]20D -15.934 
(c=1.660, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(diphenylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OJ-H, 35 °C, 3 mL/min, 2% isopropanol, 100 bar) – analysis of 
(R,E)-6-((tert-butyldimethylsilyl)oxy)-1-phenylhex-3-en-2-ol. 
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(R,E)-2-(4-Cyclopropyl-1-phenylbut-3-en-2-yl)-4,4,5,5- 
tetramethyl-1,3, 2-dioxaborolane (2.138). The reaction was performed 
according to the general procedure (Method C) with (trans)-2-cyclopropylvinyl boronic 
acid pinacol ester (54.0 mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 
mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and 
was left to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (30% 
CH2Cl2 in hexanes) to afford the title compound as clear colorless oil. (58.2 mg, 58% yield, 
92:8 er). 1H NMR (600 MHz, CDCl3) δ 7.25-7.17 (4H, m), 7.16-7.11 (1H, m), 5.51 (1H, 
dd, J = 15.0, 8.4 Hz), 4.98 (1H, ddd, J = 15.0, 8.4, 1.2 Hz), 2.82 (1H, dd, J = 13.8, 9.6 Hz), 
2.73 (1H, dd, J = 13.8, 7.2 Hz),  2.12 (1H, app q, J = 8.4 Hz), 1.37-1.29 (1H, m), 1.15 (6H, 
s), 1.14 (6H, s), 0.64-0.59 (2H, m), 0.29-0.25 (2H, m). 13C NMR (150 MHz, CDCl3) δ 142.0, 
134.0, 129.1, 128.1, 127.7, 125.7, 83.3, 37.5, 30.5 (C-B), 24.8, 24.71, 13.9, 6.6, 6.5. 11B 
NMR (160 MHz, CDCl3) δ 32.7. IR (neat) νmax 2977.2 (w), 2928.7 (w), 2857.0 (w), 1370.1 
(s), 1322.2 (s), 1245.8 (w), 1213.5 (w), 1107.0 (s), 963.6 (m), 863.0 (m), 747.3 (w), 698.6 
(m) cm-1. HRMS (DART+) for C19H27BO2 [M+H]+ calculated: 299.2182, found: 299.2174.  
[α]20D -24.103 (c = 2.605, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-4-cyclopropyl-1-phenylbut-3-en-2-ol. 
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(R,E)-4,4,5,5-Tetramethyl-2-(1-phenylpent-3-en-2-yl)-1,3,2- 
dioxaborol ane (2.139). The reaction was performed according to the 
general procedure (Method C) with , trans-1-propenylboronic acid pinacol ester (50.4 mg, 
0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (1.35 mg, 
0.006 mmol, 2%), 2.52 (6.95 mg, 0.0066 mmol, 2.2%), and was left to stir at 60 ℃ for 16 
hours. The crude residue was purified on silica gel (20-40% CH2Cl2 in pentane) to afford 
the title compound as clear colorless oil. (62.0 mg, 76% yield, 95:5 er). 1H NMR (600 
MHz, CDCl3) δ 7.25-7.18 (4H, m), 7.16-7.12 (1H, m), 5.48-5.38 (2H, m), 2.83 (1H, dd, J 
= 13.2, 8.4 Hz), 2.73 (1H, dd, J = 13.2, 7.2 Hz),  2.14 (1H, app q, J = 7.20 Hz), 1.64 (3H, 
d, J = 6.0 Hz), 1.16 (6H, s), 1.14 (6H, s).  13C NMR (150 MHz, CDCl3) δ 142.0, 131.2, 
129.0, 128.1, 125.7, 125.0, 83.3, 37.4, 30.7 (C-B), 24.8, 24.7, 18.3. 11B NMR (160 MHz, 
CDCl3) δ 32.69. IR (neat) νmax 3025.6 (w), 2977.4 (w), 2855.3 (w), 1361.1 (s), 1321.4 (s), 
1141.2 (s), 965.6 (s), 852.7 (m), 746.0 (m), 697.9 (s) cm-1. HRMS (DART+) for C17H26BO2 
[M+H]+ calculated: 273.2026, found: 273.2038. [α]20D -20.604 (c = 1.830, CHCl3, l =50 
mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 1% isopropanol, 100 bar) – analysis of 
(R,E)-1-phenylpent-3-en-2-ol 
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(R,E)-2-(5,5-Dimethyl-1-phenylhex-3-en-2-yl)-4,4,5,5- 
tetramethyl-1,3,2-dioxaborolane (2.140). The reaction was 
performed according to the general procedure (Method C) with (E)-2-(3,3-dimethylbut-1-
en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaboro lane (2.207) (63.0 mg, 0.30 mmol), phenyl 
trifluoromethanesulfonate (0.058 mL, 0.36 mmol, 1%), Pd(OAc)2 (0.67 mg, 0.003 mmol), 
2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 16 hours. The crude 
residue was purified on silica gel (30% CH2Cl2 in hexanes) to afford the title compound as 
clear colorless oil. (76.4 mg, 81% yield, 85:15 er). 1H NMR (600 MHz, CDCl3) δ 7.25-
7.18 (4H, m), 7.16-7.12 (1H, m), 5.45 (1H, d, J = 15.6 Hz), 5.35 (1H, dd, J = 15.6, 8.4 Hz), 
2.84 (1H, dd, J = 13.8, 9.6 Hz), 2.73 (1H, dd, J = 13.2, 7.2 Hz),  2.11 (1H, app q, J = 8.4 
Hz), 1.16 (6H, s), 1.15 (6H, s), 0.97 (9H, s). 13C NMR (150 MHz, CDCl3) δ 142.2, 141.8, 
129.1, 128.1, 125.7, 124.7, 83.2, 37.4, 33.1, 30.6 (C-B), 30.0, 24.7, 24.6. 11B NMR (160 
MHz, CDCl3) δ 32.6. IR (neat) νmax 2975.9 (w), 2957.3 (w), 2864.1 (w), 1359.7 (s), 1321.5 
(s), 1164.9 (s), 969.6 (m), 853.8 (m), 745.9 (m), 698.2 (s) cm-1. HRMS (DART+) for 
C20H32BO2 [M+H]+ calculated: 315.2495, found: 315.2499. [α]20D -20.647 (c = 2.720, 
CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel AD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R,E)-5,5-dimethyl-1-phenylhex-3-en-2-ol 
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(R,E)-4,4,5,5-Tetramethyl-2-(6-methyl-1-phenylhepta-3,5- 
dien-2-yl) -1,3,2-dioxaborolane (2.141). The reaction was 
performed according to the general procedure (Method C) with  (E)-4,4,5,5-tetramethyl-2-
(4-methylpenta-1,3-dien-1-yl)-1,3,2-dioxa borolane (2.208) (62.4 mg, 0.30 mmol), phenyl 
trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 
2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 16 hours. The crude 
residue was purified on silica gel (30% CH2Cl2 in hexanes) to afford the title compound as 
clear colorless oil (67.5 mg, 72% yield, 91:9 er). 1H NMR (600 MHz, CDCl3) δ 7.26-7.19 
(4H, m), 7.17-711 (1H, m), 6.08 (1H, d, J = 15.6 Hz), 5.58 (1H, dd, J = 15.6, 8.4 Hz), 5.42 
(1H, app q, J = 7.2 Hz), 2.88 (1H, dd, J = 13.8, 9.6 Hz), 2.79 (1H, dd, J = 13.2, 6.6 Hz), 
2.24 (1H, app q, J = 8.4 Hz), 1.72-1.68 (6H, m), 1.15 (6H, s), 1.13 (6H, s). 13C NMR (150 
MHz, CDCl3) δ 142.0, 134.8, 134.7, 129.0, 128.2, 127.1, 125.8, 124.4, 83.3, 37.5, 31.1 (C-
B), 24.74, 24.72, 13.8, 12.3. 11B NMR (160 MHz, CDCl3) δ 32.7. IR (neat) νmax 2977.8 
(w), 2926.9 (w), 2858.6 (w), 1453.4 (w), 1369.9 (m), 1323.4 (m), 1142.0 (s), 964.5 (m), 
838.7 (w), 747.4 (w), 698.7 (m) cm-1. HRMS (DART+) for C20H30BO2 [M+H]+ calculated: 
313.2339, found: 313.2356. [α]20D -29.155 (c = 3.290, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 4% isopropanol, 100 bar) – analysis of 
(R,E)-6-methyl-1-phenylhepta-3,5-dien-2-ol 
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(R,E)-2-(1,4-Diphenylbut-3-en-2-yl)-4,4,5,5-tetramethyl- 
1,3,2-dioxaborolane (2.142). The reaction was performed 
according to the general procedure (Method C) with  (E)-4,4,5,5-tetramethyl-2-styryl-
1,3,2-dioxaborolane (2.213) (69.0 mg, 0.30 mmol), phenyl trifluoromethanesulfonate 
(0.058 mL, 0.36 mmol), Pd(OAc)2 (1.35 mg, 0.006 mmol, 2%), 2.52 (6.95 mg, 0.0066 
mmol, 2.2%), and was left to stir at 60 ℃ for 16 hours. The crude residue was purified on 
silica gel (30-50% CH2Cl2 in pentane) to afford the title compound as white solid (83.0 mg, 
83% yield, 94:6 er).1H NMR (600 MHz, CDCl3) δ 7.36-7.32 (2H, m), 7.31-7.26 (6H, m), 
7.21-7.15 (2H, m), 6.40 (1H, d, J = 15.6 Hz), 6.29 (1H, dd, J = 16.2, 9.0 Hz), 2.99 (1H, dd, 
J = 13.8, 9.0 Hz), 2.89 (1H, dd, J = 13.8, 7.2 Hz),  2.40 (1H, app q, J = 8.4 Hz), 1.19 (6H, 
s), 1.17 (6H, s). 13C NMR (150 MHz, CDCl3) δ 141.6, 138.2, 131.1, 129.7, 129.0, 128.5, 
128.2, 126.8, 126.1, 125.9, 83.5, 37.1, 31.5 (C-B), 24.8, 24.7. 11B NMR (160 MHz, CDCl3) 
δ 32.7. IR (neat) νmax 3060.5 (w), 3025.6 (w), 2977.0 (w), 2929.0 (w), 1360.5 (s), 1324.0 
(s), 1165.7 (s), 965.2 (s), 851.9 (m), 744.0 (m), 694.6 (s) cm-1. HRMS (DART+) for 
C22H31BNO2 [M+NH4]+ calculated: 352.2448, found: 352.2445. [α]20D -46.339 (c = 2.485, 
CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 15% isopropanol, 100 bar) – analysis of 
(R,E)-1,4-diphenylbut-3-en-2-ol. 
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 (R,E)-2-(4-(Furan-3-yl)-1-phenylbut-3-en-2-yl)-4,4,5,5- 
tetramethyl-1,3,2-dioxaborolane (2.143). The reaction was 
performed according to the general procedure (Method C) with (E)-2-(2-(furan-3-
yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.209) (66.0 mg, 0.30 mmol), phenyl 
trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 
2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 3 hours. The crude 
residue was purified on silica gel (30-50% CH2Cl2 in hexanes) to afford the title compound 
as clear colorless oil (59.9 mg, 62% yield, 95:5 er).1H NMR (600 MHz, CDCl3) δ 7.33-
7.31 (2H, m), 7.25-7.21 (4H, m), 7.17-7.14 (1H, m), 6.50 (1H, s), 6.23 (1H, d, J = 15.6 Hz), 
5.98 (1H, dd, J = 16.2, 9.0 Hz), 2.93 (1H, dd, J = 13.8, 9.0 Hz), 2.84 (1H, dd, J = 13.8, 7.2 
Hz), 2.32 (1H, app q, J = 8.4 Hz), 1.17 (6H, s), 1.15 (6H, s). 13C NMR (150 MHz, CDCl3) 
δ 143.3, 141.7, 139.4, 130.6, 129.0, 128.2, 125.9, 124.8, 119.3, 107.8, 83.5, 37.2, 31.3 (C-
B), 24.8, 24.7. 11B NMR (160 MHz, CDCl3) δ 32.8. IR (neat) νmax 3026.1 (w), 2977.7 (w), 
2857.3 (w), 1361.1 (s), 1324.8 (s), 1140.8 (s), 1024.7 (m), 964.7 (m), 870.6 (m), 776.0 (m), 
699.3 (m) cm-1. HRMS (DART+) for C20H26BO3 [M+H]+ calculated: 325.1975, found: 
325.1992. [α]20D -32.738 (c = 1.000, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R,E)-4-(furan-3-yl)-1-phenylbut-3-en-2-ol 
 
 
 
 
 
 
 
 
  
 
 
 
 
216 
(R,E)-4-(2-Fluorophenyl)-1-phenylbut-3-en-2-ol (2.144-OH). The 
reaction was performed according to the general procedure (Method 
C) with (E)-2-(2-fluorostyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.210) (74.4.0 mg, 
0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (0.67 mg, 
0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 16 
hours. The crude residue was directly oxidized according to the general procedure. The 
crude residue was purified on silica gel (10% ethyl acetate in hexanes) to afford the title 
compound as clear colorless oil (49.4 mg, 68% yield, 92:8 er). 1H NMR (600 MHz, CDCl3) 
δ 7.45-7.42 (1H, m), 7.35- 7.32 (2H, m), 7.28- 7.25 (3H, m), 7.23-7.20 (1H, m),  7.11- 7.08 
(1H, m), 7.05- 7.02 (1H, m), 6.76 (1H, dd, J = 16.2 Hz),  6.38 (1H, dd, J = 16.2, 6 Hz), 
4.57-4.53 (1H, m), 2.99 (1H, dd, J = 13.8, 4.8 Hz),  2.89 (1H, dd, J = 13.2, 7.8 Hz), 1.73 
(1H, br s). 13C NMR (150 MHz, CDCl3) δ 160.5 (d, J = 247.5 MHz), 137.7, 134.3 (d, J = 
24.0 Hz), 129.7, 129.1 (d, J = 3.0 Hz), 128.7, 127.7 (d, J = 4.5 Hz), 126.8, 124.6 (d, J = 12 
Hz), 124.2 (d, J = 3.0 Hz), 123.0 (d, J = 4.5 Hz), 115.9 (d, J = 22.5 Hz), 73.7, 44.3. 19F 
NMR (564 MHz, CDCl3) δ -117.88 – -117.92 (m). IR (neat) νmax 3376.8 (br), 3082.5 (w), 
3062.2 (w), 2921.7 (w), 2852.4 (w), 1603.4 (w), 1578.8 (w), 1486.9 (m), 1454.1 (m), 
1228.3 (m), 1087.2 (w), 1030.3 (w), 968.2 (w), 748.3 (m), 699.4 (m) cm-1. HRMS 
(DART+) for C16H14F [M+H-H2O]+ calculated:225.1080, found: 225.1078. [α]20D -15.934 
(c=1.660, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 12% isopropanol, 100 bar) – analysis of 
(R,E)-4-(2-fluorophenyl)-1-phenylbut-3-en-2-ol 
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 (R,E)-2-(4-(4-Methoxyphenyl)-1-phenylbut-3-en-2-yl)- 
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.145). The reaction 
was performed according to the general procedure (Method C) with (E)-2-(4-
methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.215). (78.0 mg, 0.30 mmol), 
phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 
mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 16 hours. 
The crude residue was purified on silica gel (30% CH2Cl2 in hexanes) to afford the title 
compound as white solid (73.0 mg, 67% yield, 94:6 er). 1H NMR (600 MHz, CDCl3) δ  
7.28-7.26 (6H, m), 7.19-7.16 (1H, m), 6.85-6.84 (2H, m),  6.35 (1H, d, J = 16.2 Hz), 6.14 
(1H, dd, J = 15.6,8.4 Hz), 3.81 (3H, s), 2.97 (1H, dd, J = 13.8, 9 Hz),  2.88 (1H, dd, J = 
13.8, 7.8 Hz), 2.39-2.35 (1H, app q, J = 8.4 Hz), 1.19 (6H, s), 1.17 (6H, s). 13C NMR (150 
MHz, CDCl3) δ 158.7, 141.7, 131.1, 129.1, 129.0, 128.9, 128.2, 127.1, 125.9, 114.0, 83.5, 
55.4, 37.3, 31.4 (C-B), 24.8, 24.7. 11B NMR (160 MHz, CDCl3) δ 30.2. IR (neat) νmax  
3060.9 (w), 3027.2 (w), 2932.4 (w)., 2835.3 (w), 1606.5 (m), 1495.9 (s), 1454.4 (w), 
1361.1 (m), 1324.9 (m), 1245.6 (s), 1173.6 (m), 1140.3 (s), 1107.9 (w), 1034.1 (w), 965.5 
(m), 852.6 (m), 814.4 (m) cm-1. HRMS (DART+) for C23H39BO3 [M+H]+. calculated: 
364.2210, found: 364.2192. [α]20D -46.000 (c =2.805 , CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R,E)-4-(4-methoxyphenyl)-1-phenylbut-3-en-2-ol 
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 (R,E)-2-(4-(Benzo[d][1,3]dioxol-5-yl)-1-phenylbut-3-en-2- 
yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.146). The 
reaction was performed according to the general procedure (Method C) with (E)-2-(2-
(benzo[d][1,3]dioxol-5-yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.211). (82.2 
mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 
(1.35 mg, 0.006 mmol, 2%), 2.52 (6.95 mg, 0.0066 mmol, 2.2%), and was left to stir at 
60 ℃ for 16 hours. The crude residue was purified on silica gel (30-70% CH2Cl2 in pentane) 
to afford the title compound as white solid (94.0 mg, 83% yield, 94:6 er). 1H NMR (600 
MHz, CDCl3) δ 7.27-7.23 (4H, m), 7.18-7.15 (1H, m), 6.89 (1H, s), 6.74 (2H, m), 6.30 (1H, 
d, J = 15.6 Hz), 6.10 (1H, dd, J = 16.2, 9.0 Hz), 5.92 (2H, s), 2.96 (1H, dd, J = 13.8, 9.0 
Hz), 2.86 (1H, dd, J = 13.8, 7.8 Hz), 2.35 (1H, app q, J = 8.4 Hz), 1.18 (6H, s), 1.16 (6H, 
s). 13C NMR (150 MHz, CDCl3) δ 148.0, 146.6, 141.7, 132.8, 129.4, 129.3, 129.0, 128.2, 
125.9, 120.4, 108.3, 105.6, 101.0, 83.5, 37.2, 31.4 (C-B), 24.79, 24.75. 11B NMR (160 
MHz, CDCl3) δ 32.6. IR (neat) νmax 3026.3 (w), 2977.0 (w), 2927.3 (w), 2895.5 (w), 1489.0 
(s), 1444.5 (m), 1355.2 (m), 1325.8 (m), 1248.3 (s), 1141.3 (s), 1039.2 (s), 966.3 (m), 931.5 
(m) cm-1. HRMS (DART+) for C23H28BO4 [M+H]+ calculated: 379.2081, found: 379.2077. 
[α]20D -53.653 (c = 1.115, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R,E)-4-(benzo[d][1,3]dioxol-5-yl)-1-phenylbut-3-en-2-ol 
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(R)-2-(1,3-Diphenylbut-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2- 
dioxaborolane (2.147). The reaction was performed according to the 
general procedure (Method C) with 4,4,5,5-tetramethyl-2-(1-phenylvinyl)-1,3,2-
dioxaborolane (50.4 mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 
mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), THF 
(0.60 mL), DMSO (0.30 mL), and was left to stir at 60 ℃ for 1.5 hours. The crude residue 
was purified on silica gel (30-50% CH2Cl2 in pentane) to afford the title compound as clear 
colorless oil (47.5 mg, 47% yield, 92:8 er). 1H NMR (600 MHz, CDCl3) δ 7.45-7.41 (2H, 
m), 7.32-7.28 (2H, m), 7.26-7.22 (5H, m), 7.17-7.13 (1H, m), 5.33 (1H, s), 5.18 (1H, s), 
3.04-2.96 (2H, m), 2.72 (1H, app t, J = 8.4 Hz), 1.05 (6H, s), 1.03 (6H, s). 13C NMR (150 
MHz, CDCl3) δ 149.8, 143.0, 141.8, 129.0, 128.22, 128.18, 127.3, 126.8, 125.9, 112.3, 
83.5, 36.8, 33.24 (C-B), 24.6. 11B NMR (160 MHz, CDCl3) δ 32.7. IR (neat) νmax 3026.52 
(w), 2977.0 (w), 2927.3 (w), 1494.1 (w), 1357.6 (s), 1325.7 (s), 1271.0 (m), 1212.1 (m), 
1140.8 (s), 1028.9 (m), 974.5 (m), 861.5 (m), 697.0 (s) cm-1. HRMS (DART+) for 
C22H28BO2 [M+H]+ calculated: 335.2182, found: 335.2172. [α]20D +32.120 (c = 2.370, 
CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R)-1,3-diphenylbut-3-en-2-ol. 
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(R)-4,4,5,5-tetramethyl-2-(1-Phenylbut-3-en-2-yl)-1,3,2- 
dioxaborolane (2.148). The reaction was performed according to the 
general procedure (Method C) with vinyl boronic acid pinacol ester (46.2 mg, 0.30 mmol), 
phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (2.0 mg, 0.009 mmol, 
3%), 2.52 (10.1 mg, 0.0096 mmol, 3.2%), and was left to stir at 60 ℃ for 5 hours. The 
crude residue was purified on silica gel (30-50% CH2Cl2 in pentane) to afford the title 
compound as clear colorless oil (51.3 mg, 66% yield, 96:4 er). 1H NMR (600 MHz, CDCl3) 
δ 7.26-7.19 (4H, m), 7.17-7.13 (1H, m), 5.85 (1H, ddd, J = 17.4, 9.6, 7.8 Hz), 5.00 (1H, dd, 
J = 17.2, 1.7 Hz), 4.95 (1H, dd, J = 10.2, 1.7 Hz), 2.89 (1H, dd, J = 13.2, 8.4 Hz), 2.78 (1H, 
dd, J = 13.2, 7.2 Hz), 2.23 (1H, app q, J = 7.8 Hz), 1.17 (6H, s), 1.16 (6H, s).  13C NMR 
(150 MHz, CDCl3) δ 141.7, 138.9, 129.0, 128.2, 125.8, 114.3, 83.4, 36.6, 32.2 (C-B), 24.8, 
24.7. 11B NMR (160 MHz, CDCl3) δ 32.6. IR (neat) νmax 3028.0 (w), 2977.6 (w), 2929.1 
(w), 1631.5 (w), 1360.3 (s), 1323.9 (s), 1256.9 (m), 1213.0 (m), 1141.5 (s), 972.7 (m), 
903.5 (m), 861.2 (m), 698.1 (s) cm-1. HRMS (DART+) for C16H27BNO2 [M+NH4]+ 
calculated: 276.2135, found: 276.2129. [α]20D -2.509 (c = 1.275, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry assigned by comparison to the literature 
[α]25D +3.88 (93% ee, c=1.34, CHCl3) for (S) enantiomer.76 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 3% isopropanol, 100 bar) – analysis of 
(R)-1-phenylbut-3-en-2-ol 
 
 
 
 
 
 
 
      
 
 
 
 
 
                                                 
76 Park, J. K.; Lackey, H. H.; Ondrusek, B. A.; McQuade, D. T. J. Am. Chem. Soc. 2011, 133, 2410. 
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(R,Z)-4,4,5,5-Tetramethyl-2-(1-phenylpent-3-en-2-yl)-1,3,2- 
dioxaborolane (2.149). The reaction was performed according to the 
general procedure (Method C) with (Z)-4,4,5,5-tetramethyl-2-(prop-1-en-1-yl)-1,3,2-
dioxaborolane (2.216) (50.4 mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 
0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), 
and was left to stir at 60 ℃ for 3 hours. The crude residue was purified on silica gel (20-
50% CH2Cl2 in pentane) to afford the title compound as clear colorless oil (68.3 mg, 84% 
yield, 84:16 er). 1H NMR (600 MHz, CDCl3) δ 7.26-7.19 (4H, m), 7.16-7.13 (1H, m), 
5.46-5.40 (1H, m), 5.40-5.34 (1H, m), 2.88 (1H, dd, J = 13.2, 7.8 Hz), 2.70 (1H, dd, J = 
13.8, 7.8 Hz), 2.46 (1H, app q, J = 7.8 Hz), 1.52 (3H, dd, J = 6.6, 1.8 Hz), 1.18 (6H, s), 
1.17 (6H, s).  13C NMR (150 MHz, CDCl3) δ 142.1, 130.7, 129.0, 128.1, 125.8, 124.0, 
83.3, 37.3, 26.2 (C-B), 24.8, 24.7, 13.2. 11B NMR (160 MHz, CDCl3) δ 32.5. IR (neat) νmax 
2977.5 (w), 2927.4 (w), 2858.1 (w), 1353.8 (s), 1320.8 (s), 1261.8 (w), 1246.9 (w), 1141.1 
(s), 965.5 (m), 732.6 (m), 698.1 (m) cm-1. HRMS (DART+) for C17H25BO2 [M+H]+ 
calculated: 273.2026, found: 273.2034. [α]20D -14.529 (c = 2.705, CHCl3, l =50 mm). 
 
  
227 
Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 4% isopropanol, 100 bar) – analysis of 
(R,Z)-1-phenylpent-3-en-2-ol 
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(R,Z)-2-(1,4-Diphenylbut-3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2- 
dioxaborolane (2.150). The reaction was performed according to the 
general procedure (Method C) with (Z)-4,4,5,5-tetramethyl-2-styryl-1,3,2-dioxaborolane 
(2.218)  (69.0 mg, 0.30 mmol), phenyl trifluoromethane- sulfonate (0.058 mL, 0.36 mmol), 
Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left 
to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (30-50% CH2Cl2 
in pentane) to afford the title compound as clear colorless oil (71.1 mg, 71% yield, 88:12 
er). 1H NMR (600 MHz, CDCl3) δ 7.34-7.28 (4H, m), 7.25-7.19 (3H, m), 7.18-7.13 (3H, 
m), 6.42 (1H, d, J = 12.0 Hz), 5.65 (1H, app t, J = 12.8 Hz), 2.95-2.82 (2H, m), 2.80 (1H, 
dd J = 12.0, 6.6 Hz), 1.17 (6H, s), 1.15 (6H, s).  13C NMR (150 MHz, CDCl3) δ 141.4, 
137.8, 133.1, 129.0, 128.9, 128.6, 128.21, 128.20, 126.5, 125.9, 83.5, 37.9, 27.3(C-B), 24.8, 
24.7. 11B NMR (160 MHz, CDCl3) δ 32.7. IR (neat) νmax 3061.1 (w), 3025.1 (w), 2977.6 
(w), 2926.9 (w), 1358.5 (s), 1324.0 (s), 1141.2 (s), 967.0 (w), 668.0 (s) cm-1.  HRMS 
(DART+) for C22H28BO2 [M+H]+ calculated: 335.2182, found: 335.2186. [α]20D -124.343 
(c = 1.065, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(diphenylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R,Z)-1,4-diphenylbut-3-en-2-ol. 
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(R)-4,4,5,5-Tetramethyl-2-(4-methyl-1-phenylpent-3-en-2-yl)-1,3,2-
diox aborolane (2.151). The reaction was performed according to the 
general procedure (Method C) with 4,4,5,5-tetramethyl-2-(2-methylprop-1-en-1-yl)-1,3,2-
dioxaborolane (2.220) (54.6 mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 
0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), 
and was left to stir at 60 ℃ for 3 hours. The crude residue was purified on silica gel (30-
50% CH2Cl2 in pentane) to afford the title compound as clear colorless oil (74.7 mg, 75% 
yield, 84:16 er). 1H NMR (600 MHz, CDCl3) δ 7.25-7.18 (4H, m), 7.16-7.11 (1H, m), 5.10 
(1H, d, J = 9.6 Hz), 2.82 (1H, dd, J = 13.2, 7.8 Hz), 2.67 (1H, dd, J = 14.4, 8.4 Hz),  2.31 
(1H, app q, J = 8.4 Hz), 1.67 (3H, s), 1.51 (3H, s), 1.16 (6H, s), 1.14 (6H, s). 13C NMR 
(150 MHz, CDCl3) δ 142.2, 131.7, 129.0, 128.1, 125.7, 124.5, 83.2, 37.7, 27.0 (C-B), 26.0, 
24.8, 24.7, 18.2. 11B NMR (160 MHz, CDCl3) δ 32.45. IR (neat) νmax 3026.8 (w), 2925.0 
(w), 2856.8 (w), 1361.2 (s), 1318.8 (s), 1141.5 (s), 967.1 (m), 864.2 (m), 832.8 (m), 749.2 
(m), 698.2 (s) cm-1. HRMS (DART+) for C18H28BO2 [M+H]+ calculated: 287.2182, found: 
287.2187. [α]20D -17.704 (c = 2.580, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(diphenylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R)-4-methyl-1-phenylpent-3-en-2-ol. 
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(R)-2-(1-(Cyclohex-1-en-1-yl)-2-phenylethyl)-4,4,5,5-tetramethyl- 
1,3,2-di oxaborolane (2.152). The reaction was performed according to 
the general procedure (Method C) with 1-cyclohexen-1-yl-boronic acid pinacol ester (62.4 
mg, 0.30 mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 
(0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 
60 ℃ for 16 hours. The crude residue was purified on silica gel (30% CH2Cl2 in hexanes) 
to afford the title compound as clear colorless oil (74.2 mg, 79% yield, 84:16 er). 1H NMR 
(600 MHz, CDCl3) δ 7.25-7.19 (4H, m), 7.15-7.12 (1H, m), 5.47-5.44 (1H, m), 2.88 (1H, 
dd, J = 13.8, 10.2 Hz), 2.79 (1H, dd, J = 13.2, 6.6 Hz),  1.63-1.57 (5H, m), 1.63-1.57 (2H, 
m), 1.56-1.50 (2H, m), 1.15 (6H, s), 1.13 (6H, s). 13C NMR (150 MHz, CDCl3) δ 142.5, 
137.8, 129.0, 128.0, 125.6, 121.3, 83.2, 35.9, 29.0, 25.6, 24.74, 24.72, 23.4, 22.7. 11B NMR 
(160 MHz, CDCl3) δ 32.9. IR (neat) νmax 2976.7 (w), 2923.8 (m), 2855.4 (w), 1479.1 (w), 
1356.9 (s), 1316.8 (s), 1213.8 (w), 1164.6 (w), 1141.1 (s), 695.2 (m), 858.6 (m), 745.8 (m), 
697.3 (s) cm-1. HRMS (DART+) for C20H30BO2 [M+H]+ calculated: 313.2339, found: 
313.2324. [α]20D -5.010 (c = 2.235,  CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R)-1-(cyclohex-1-en-1-yl)-2-phenylethan-1-ol. 
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tert-Butyl (R)-4-(2-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)ethyl)-3,6-dihydropyridine-1(2H)-carboxylate (2.153). 
The reaction was performed according to the general procedure (Method C) with 3,6-
dihydro-2H-pyridine-1-N-Boc-4-boronic acid pinacol ester (92.8 mg, 0.30 mmol), phenyl 
trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 
2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 16 hours. The crude 
residue was purified on silica gel (10% ethyl acetate in hexanes) to afford the title 
compound as clear colorless oil (110.4 mg, 89% yield, 83:17 er). 1H NMR (500 MHz, 
CDCl3, 55 °C) δ7.25-7.13 (5H, m), 5.37 (1H, br s), 3.89-3.79 (2H, m), 3.48-3.40 (2H, m), 
2.93- 2.88 (1H, m), 2.81-2.76 (1H, m) 2.12-2.08 (3H, m), 1.46 (9H, s), 1.16-1.13 (12H, m). 
13C NMR (125 MHz, CDCl3, 55 °C ) δ 155.2, 142.0, 137.0, 129.0, 128.2, 125.9,118.4, 83.5, 
79.4, 40.8, 43.8, 35.7, 28.9, 28.7, 25.0, 24.8. 11B NMR (160 MHz, CDCl3) δ 32.6. IR (neat) 
νmax 3060.2 (w), 3025.2 (m), 2976.2 (w), 2929.1 (w), 2861.0 (w), 1695.6 (s),  1603.5 (w), 
1494.8 (w), 1477.5 9w), 1415.8 (m), 1364.6 (s), 1323.0 (m), 1284.9 (w), 1213.9 (m), 
1169.1 (s), 1142.6 (s), 1110.3 (m), 1054.2 (w), 967.3 (w), 864.4 (w), 837.0 (w) 699.9 (w) 
cm-1. HRMS (DART+) for C24H37BNO4 [M+H]+ calculated: 414.2816, found: 414.2830. 
[α]20D -9.921 (c = 3.925, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OJ-H, 35 °C, 3 mL/min, 5% isopropanol, 100 bar) – analysis of 
tert-butyl (R)-4-(1-hydroxy-2-phenylethyl)-3,6-dihydropyridine-1(2H)-carboxylate 
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(R)-4,4,5,5-Tetramethyl-2-(3-methyl-1-phenylbut-3-en-2-yl)-1,3,2- 
dioxaborolane (2.154). The reaction was performed according to the 
general procedure (Method C) with 2-isopropenyl boronic acid pinacol ester (50.4 mg, 0.30 
mmol), phenyl trifluoromethanesulfonate (0.058 mL, 0.36 mmol), Pd(OAc)2 (0.67 mg, 
0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), THF (0.60 mL), DMSO (0.30 mL), 
and was left to stir at 60 ℃ for 1.5 hours. The crude residue was purified on silica gel (30-
50% CH2Cl2 in pentane) to afford the title compound as clear colorless oil (51.0 mg, 62% 
yield, 84:16 er). 1H NMR (600 MHz, CDCl3) δ 7.26-7.21 (4H, m), 7.17-7.13 (1H, m), 4.76 
(1H, d, J = 1.8 Hz), 4.75 (1H, d, J = 1.2 Hz), 2.94 (1H, dd, J = 13.8, 9.6 Hz), 2.83 (1H, dd, 
J = 13.8, 7.2 Hz), 2.19 (1H, dd, J = 8.4, 7.2 Hz), 1.79 (3H, s), 1.17 (6H, s), 1.14 (6H, s). 
13C NMR (150 MHz, CDCl3) δ 146.0, 142.1, 128.9, 128.1, 125.8, 110.1, 83.4, 35.8, 24.74, 
24.72, 23.2. 11B NMR (160 MHz, CDCl3) δ 32.9.  IR (neat) νmax 3063.5 (w), 3027.9 (w), 
2977.2 (m), 2930.8 (w), 1453.2 (w), 1358.0 (s), 1322.1 (s), 1269.1 (w), 1142.2 (s), 879.3 
(w), 853.0 (w), 698.4 (m) cm-1. HRMS (DART+) for C17H26BO2 [M+H]+ calculated: 
273.2026, found: 273.2033. [α]20D +10.981 (c = 0.960, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 4% isopropanol, 100 bar) – analysis of 
(R)-3-methyl-1-phenylbut-3-en-2-ol. 
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(R,E)-4,4,5,5-Tetramethyl-2-(1-(4-(trifluoromethyl- 
phenyl)oct-3-en-2-yl)-1,3,2-dioxaborolane (2.155). The 
reaction was performed according to the general procedure (Method D) (E)-2-(hex-1-en-
1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.127) (63.0 mg, 0.30 mmol), 4-
(trifluoromethyl)phenyl trifluoromethanesulfonate (2.195) (105.9 mg, 0.36 mmol), 
Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left 
to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (20-40% CH2Cl2 
in pentane) to afford the title compound as clear colorless oil (93.2 mg, 81% yield, 85:15 
er). 1H NMR (600 MHz, CDCl3) δ 7.49 (2H, d, J = 7.8 Hz), 7.30 (2H, d, J = 8.4 Hz), 5.42-
5.33 (2H, m), 2.89 (1H, dd, J = 13.8, 8.4 Hz), 2.76 (1H, dd, J = 13.8, 7.8 Hz),  2.12 (1H, 
app q, J = 7.2 Hz), 1.96 (2H, app q, J = 6.0 Hz), 1.28-1.19 (4H, m), 1.17 (6H, s), 1.16 (6H, 
s), 0.85 (3H, t, J = 7.2 Hz). 13C NMR (150 MHz, CDCl3) δ 146.3, 131.3, 129.4, 129.3, 
128.1 (q, J = 31.1 Hz), 125.0 (q,  J = 4.7 Hz), 124.6 (q, J  = 270.3 Hz), 83.4, 37.1, 32.5, 
31.8, 30.5 (C-B), 24.8, 24.7, 22.1, 14.0. 19F NMR (564 MHz, CDCl3) δ -62.3. 11B NMR 
(160 MHz, CDCl3) δ 32.7. IR (neat) νmax 2978.2 (w), 2958.1 (w), 2926.8 (w), 1618.2 (w), 
1370.5 (m), 1322.9 (s), 1162.9 (m), 1123.5 (s), 1067.4 (m), 967.8 (w), 848.6 (w) cm-1. 
HRMS (DART+) for C21H31BO2F3 [M+H]+ calculated: 383.2369, found: 383.2380. [α]20D 
-15.987 (c = 1.015, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(diphenylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 2% isopropanol, 100 bar) – analysis of 
(R,E)-1-(4-(trifluoromethyl)phenyl)oct-3-en-2-ol 
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(R,E)-2-(1-(4-Methoxyphenyl)oct-3-en-2-yl)- 
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.156). The 
reaction was performed according to the general procedure (Method D) (E)-2-(hex-1-en-
1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.127) (63.0 mg, 0.30 mmol), 4-
methoxyphenyl trifluoromethanesulfonate (92.2 mg, 0.36 mmol), Pd(OAc)2 (0.67 mg, 
0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 16 
hours. The crude residue was purified on silica gel (40-100% CH2Cl2 in pentane) to afford 
the title compound as clear colorless oil (71.5 mg, 69% yield, 94:6 er). 1H NMR (600 MHz, 
CDCl3) δ 7.11 (2H, d, J = 8.4 Hz), 6.78 (2H, d, J = 8.4 Hz), 5.42-5.34 (2H, m), 3.77 (3H, 
s), 2.77 (1H, dd, J = 13.8, 9.0 Hz), 2.66 (1H, dd, J = 13.8, 7.8 Hz),  2.09 (1H, app q, J = 
7.8 Hz), 1.96 (2H, app q, J = 6.0 Hz), 1.32-1.22 (4H, m), 1.16 (6H, s), 1.15 (6H, s), 0.86 
(3H, t, J = 7.2 Hz). 13C NMR (150 MHz, CDCl3) δ 157.8, 134.3, 130.6, 130.1, 129.9, 113.5, 
83.2, 55.4, 36.5, 32.6, 31.9, 31.0(C-B), 24.8, 24.7, 22.1, 14.1. 11B NMR (160 MHz, CDCl3) 
δ 32.8. IR (neat) νmax 2976.2 (w), 2956.4 (w), 2925.4 (w), 2854.1 (w), 1611.8 (w), 1511.3 
(s), 1369.7 (m), 1322.1 (m), 1244.4 (s), 1142.4 (s), 1038.7 (m), 967.8 (m) cm-1. HRMS 
(DART+) for C21H37BO3N [M+NH4]+ calculated: 362.2866, found: 362.2883. [α]20D -
16.798 (c = 1.085, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel ODR-H, 35 °C, 3 mL/min, 2% isopropanol, 100 bar) – analysis of 
(R,E)-1-(4-methoxyphenyl)oct-3-en-2-ol. 
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(R,E)-4,4,5,5-Tetramethyl-2-(1-(3,4,5)-trimethoxy- 
phenyl)oct-3-en-2-yl)-1,3,2-dioxaborolane (2.157). The 
reaction was performed according to the general procedure (Method D) (E)-2-(hex-1-en-
1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborol- ane (2.127) (63.0 mg, 0.30 mmol), 3,4,5-
trimethoxyphenyl trifluoromethanesulfonate (2.199) (113.9 mg, 0.36 mmol), Pd(OAc)2 
(0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 
60 ℃ for 16 hours. The crude residue was purified on silica gel (5-15% ethyl acetate in 
hexanes) to afford the title compound as clear colorless oil (109.3 mg, 90% yield, 92:8 er). 
1H NMR (600 MHz, CDCl3) δ 6.43 (2H, s), 5.43-5.36 (2H, m), 3.82 (6H, s), 3.79 (3H, s), 
2.76 (1H, dd, J = 13.8, 9.0 Hz), 2.68 (1H, dd, J = 13.8, 7.2 Hz), 2.15-2.10 (1H, m), 1.99-
1.95 (2H, m), 1.30-1.21 (4H, m), 1.16 (6H, s), 1.14 (6H, s), 0.85 (3H, t, J = 7.2 Hz). 13C 
NMR (150 MHz, CDCl3) δ 152.9, 137.9, 136.1, 130.7, 129.9, 105.9, 83.3, 60.9, 56.1, 37.6, 
32.5, 31.9, 30.7 (C-B), 24.8, 24.7, 22.1, 14.0. 11B NMR (160 MHz, CDCl3) δ 32.8. IR 
(neat) νmax 2975.2 (w), 2955.8 (w), 2972.9 (w), 2854.7 (w), 1588.4 (m), 1507.1 (m), 1457.2 
(m), 1369.3 (m), 1323.3 (m), 1236.4 (m), 1127.5 (s), 1012.1 (m), 968.2 (m) cm-1. HRMS 
(DART+) for C23H38BO5 [M+H]+ calculated: 405.2812, found: 405.2809. [α]20D -16.763 
(c = 0.985, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(diphenylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R,E)-1-(3,4,5-trimethoxyphenyl)oct-3-en-2-ol 
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 (R,E)-2-(1-(Benzo[d][1,3]dioxol-5-yl)oct-3-en-2-yl)- 
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.158). The 
reaction was performed according to the general procedure (Method D) with (E)-2-(hex-
1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.127) (63.0 mg, 0.30 mmol), 
benzo[d][1,3]dioxol-5-yl trifluoromethanesulfonate (2.198) (97.3 mg, 0.36 mmol), 
Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left 
to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (30-70% CH2Cl2 
in pentane) to afford the title compound as clear colorless oil (86.1 mg, 80% yield, 92:8 
er). 1H NMR (600 MHz, CDCl3) δ 6.70-6.67 (2H, m), 6.65-6.63 (1H, m), 5.88 (2H, s), 
5.31-5.33 (2H, m), 2.75 (1H, dd, J = 13.2, 8.4 Hz), 2.63 (1H, dd, J = 13.2, 7.2 Hz), 2.08-
2.03 (1H, m), 1.98-1.94 (2H, m), 1.31-1.22 (4H, m), 1.18 (6H, s), 1.17 (6H, s), 0.86 (3H, t, 
J = 7.2 Hz). 13C NMR (150 MHz, CDCl3) δ 147.3, 145.5, 136.0, 130.8, 129.9, 121.8, 109.6, 
107.9, 100.7, 83.3, 37.1, 32.5, 31.9, 31.2 (C-B), 24.8, 24.7, 22.1, 14.1. 11B NMR (160 MHz, 
CDCl3) δ 33.0. IR (neat) νmax 2977.0 (w), 2956.9 (w), 2926.0 (w), 2872.0 (w), 1503.4 (m), 
1489.0 (s), 1441.5 (m), 1370.4 (m), 1324.2 (m), 1245.4 (s), 1142.9 (s), 1040.7 (s), 968.5 
(m), 934.6 (w), 854.0 (w), 807.3 (w) cm-1. HRMS (DART+) for C21H32BO4 [M+H]+ 
calculated: 359.2394, found: 359.2381. [α]20D -19.441 (c = 1.055, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(diphenylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R,E)-1-(benzo[d][1,3]dioxol-5-yl)oct-3-en-2-ol. 
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 (R,E)-1-(Quinolin-6-yl)oct-3-en-2-ol (2.159). The 
reaction was performed according to the general procedure 
(Method D) with (E)-2-(hex-1-en-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.127) 
(63.0 mg, 0.30 mmol), 6-quinolinyl trifluoromethanesulfonate (97.3 mg, 0.36 mmol), 
Pd(OAc)2 (1.35 mg, 0.006 mmol, 2%), 2.52 (6.95 mg, 0.0066 mmol, 2.2%), and was left 
to stir at 60 ℃ for 16 hours. The crude residue was directly oxidized according to the 
sodium perborate oxidation procedure.  The crude residue was purified on silica gel (20-
40% ethyl acetate in hexanes) to afford the title compound as clear colorless oil (62.6 mg, 
82% yield, 89:11 er). 1H NMR (600 MHz, CDCl3) δ 8.88-8.84 (1H, m), 8.10 (1H, d, J = 
6.0 Hz), 8.03 (1H, d, J = 12.0 Hz), 7.64 (1H, s), 7.61-7.57 (1H, m), 7.37 (1H, dd, J = 8.4, 
4.2 Hz), 5.64 (1H, dt, J = 13.2, 6.6 Hz), 5.56 (1H, dd, J = 15.6, 7.2 Hz), 4.41 (1H, app q, J 
= 6.6 Hz), 3.05-2.96 (2H, m), 2.07-1.96 (2H, m), 1.93-1.75 (1H, br s), 1.34-1.27 (2H, m), 
1.27-1.19 (2H, m), 0.85 (3H, t, J = 7.2 Hz). 13C NMR (150 MHz, CDCl3) δ 149.9, 147.3, 
137.0, 135.9, 132.8, 132.0, 131.9, 129.3, 128.3, 128.0, 121.2, 73.6, 44.2, 32.0, 31.3, 22.2, 
14.0. IR (neat) νmax 3246.7 (br), 2954.3 (m), 2922.8 (m), 2854.4 (m), 1501.8 (s), 1464.8 
(w), 1434.7 (w), 1378.1 (w), 1321.2 (w), 1232.1 (w), 1093.5 (w), 1034.1 (m) 969.1 (s), 
831.4 (s), 797.4 (w), 772.5 (w) cm-1. HRMS (DART+) for C17H22NO [M+H]+ calculated: 
256.1701, found: 276.1711. [α]20D -3.820 (c = 1.765, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(diphenylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OJ-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-1-(quinolin-6-yl)oct-3-en-2-ol. 
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 (R,E)-2-(1-(4-Chlorophenyl)-6-methylhepta-3,5-dien-2-yl)-
4,4, 5,5-tetramethyl-1,3,2-dioxaborolane (2.160). The 
reaction was performed according to the general procedure (Method D) with (E)-4,4,5,5-
tetramethyl-2-(4-methylpenta-1,3-dien-1-yl)-1,3,2-dioxa borolane (2.208) (62.4 mg, 0.30 
mmol), 4-chlorophenyl trifluoromethanesulfonate (93.8 mg, 0.36 mmol), Pd(OAc)2 (0.67 
mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 
5 hours. The crude residue was purified on silica gel (20-40% CH2Cl2 in pentane) to afford 
the title compound as clear colorless oil (87.9 mg, 85% yield, 85:15 er). 1H NMR (600 
MHz, CDCl3) δ 7.20 (2H, d, J = 8.4 Hz), 7.13 (2H, d, J = 8.4 Hz), 6.05 (1H, d, J = 15.6 
Hz), 5.53 (1H, dd, J = 15.6, 9.0 Hz), 5.41 (1H, q, J = 6.6 Hz), 2.84 (1H, dd, J = 13.8, 9.0 
Hz), 2.73 (1H, dd, J = 13.8, 7.2 Hz), 2.17 (1H, app q, J = 8.4 Hz), 1.72-1.65 (6H, m), 1.16 
(6H, s), 1.14 (6H, s). 13C NMR (150 MHz, CDCl3) δ 140.5, 135.0, 134.7. 131.5, 130.4, 
128.2, 126.6, 124.7, 83.5, 36.8, 31.1 (C-B), 24.8, 24.7, 13.8, 12.2. 11B NMR (160 MHz, 
CDCl3) δ 32.5. IR (neat) νmax 3025.4 (w), 2977.7 (w), 2925.4 (w), 1491.6 (m), 1360.9 (s), 
1322.9 (s), 1141.7 (s), 1092.5 (w), 1015.2 (w), 964.6 (m) cm-1. HRMS (DART+) for 
C20H29BClO2 [M+H]+ calculated: 347.1949, found: 347.1932. [α]20D -27.905 (c = 1.080, 
CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(cyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 8% isopropanol, 100 bar) – analysis of 
(R,E)-1-(4-chlorophenyl)-6-methylhepta-3,5-dien-2-ol. 
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2-((R,1E,5Z)-1-(Furan-3-yl)-5-methylhepta-1,5-dien-3-yl)- 
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.161). The reaction was 
performed according to the general procedure (Method E) with (E)-2-(2-(furan-3-
yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.209) (66.0 mg, 0.30 mmol), (Z)-2-
bromo-2-butene (0.037 mL, 0.36 mmol), potassium trifluoromethanesulfonate (67.7 mg, 
0.36 mmol), Pd(OAc)2 (1.35 mg, 0.006 mmol, 2%), 2.52 (6.95 mg, 0.0066 mmol, 2.2%), 
and was left to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (30% 
CH2Cl2 in hexanes) to afford the title compound as clear colorless oil (41.0 mg, 45% yield, 
87:13 er). 1H NMR (600 MHz, CDCl3) δ 7.12-7.04 (2H, m), 6.26 (1H, s), 5.96 (1H, d, J = 
18 Hz), 5.00-4.97 (1H, m), 5.00-4.97 (1H, m), 2.10 (1H, dd, J= 13.2, 7.8 Hz), 1.99 (1H, 
dd, J = 13.2, 7.8Hz), 1.91 (1H, q, J = 8.4 Hz), 1.45-1.44 (3H, m), 1.38-1.35 (3H, m), 1.001 
(6H, s), 0.996 (6H, s). 13C NMR (150 MHz, CDCl3) δ 143.2, 139.3, 135.1, 131.2, 124.9, 
120.1, 118.7, 107.8, 83.4, 32.6, 27.9 (C-B), 24.9, 24.7, 23.4, 13.7. 11B NMR (160 MHz, 
CDCl3) δ 32.6. IR (neat) νmax 2977.2 (m), 2928.0 (w), 2857.9 (w), 1571.0 (w), 1507.6 (w), 
1370.3 (s), 1360.7 (s), 1322.8 (s), 1271 (w), 1248.5 (w), 1140.9 (s), 1024.8 (m), 963.6 (m), 
852.0 (m), 773.8 (m) cm-1. HRMS (DART+) for C18H28BO3 [M+H]+ calculated: 303.2132, 
found: 303.2135. [α]20D -11.905 (c = 1.375, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene 
(6.0 mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as 
determined for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 5% isopropanol, 100 bar) – analysis of 
(R,1E,5Z)-1-(furan-3-yl)-5-methylhepta-1,5-dien-3-ol 
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(R,E)-2-(1-(Cyclohex-1-en-1-yl)-4-(4-methoxyphenyl)-but- 
3-en-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.162). 
The reaction was performed according to the general procedure (Method C) with (E)-2-(4-
methoxystyryl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.215) (78.0 mg, 0.30 mmol), 1-
cyclohexenyl trifluoromethanesulfonate (2.192) (0.059 mL, 0.36 mmol), Pd(OAc)2 (0.67 
mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 
16 hours. The crude residue was purified on silica gel (30% CH2Cl2 in hexanes) to afford 
the title compound as white solid (63.6 mg, 58% yield, 93:7 er). 1H NMR (600 MHz, 
CDCl3) δ  7.25-7.24 (2H, m), 6.82-6.81 (2H, m),  6.31 (1H, d, J = 15.6 Hz), 6.07-6.03 (1H, 
m), 5.45 (1H, s), 3.79 (3H, s), 2.30-2.29 (1H, m), 2.22-2.18 (1H, m), 2.14-2.11 (1H, m), 
1.96-1.87 (4H, m), 1.61-1.58 (2H, m), 1.53-1.50 (2H, m), 1.222-1.216 ( 12H, m). 13C NMR 
(150 MHz, CDCl3) δ 158.6, 137.3, 131.4, 129.7, 128.3, 127.1, 121.7, 114.0, 83.3, 55.4, 
39.6, 28.6, 25.4, 24.9, 24.8, 23.1, 22.7. 11B NMR (160 MHz, CDCl3) δ 32.3. IR (neat) νmax 
2976.7 (w), 2926.2 (w), 2834.3 (w), 1607.6 (w), 1510.3 (m), 1464.8 (w), 1440.7 (w), 
1378.4 (w), 1359.2 (w), 1246.7 (m), 1173.5 (m), 1107.7 (w), 1007.0 (w), 967.3 (w), 854.4 
(w), 814.2 (w) cm-1. HRMS (DART+) for C23H34BO3 [M+H]+ calculated: 369.2601, found: 
369.2681. [α]20D -2.112 (c =0.6900 , CHCl3, l =50 mm). 
 
  
253 
Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-1-(cyclohex-1-en-1-yl)-4-(4-methoxyphenyl)but-3-en-2-ol. 
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 (R,E)-2-(5-Cyclohexyl-1-(2-fluorophenyl)hexa-1,5-dien-3-yl)-
4,4, 5,5-tetramethyl-1,3,2-dioxaborolane (2.163). The reaction 
was performed according to the general procedure (Method D) with (E)-2-(2-fluorostyryl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.210) (74.4.0 mg, 0.30 mmol), 1-
cyclohexylvinyl trifluoromethanesulfonate (2.191) (93.0 mg, 0.36 mmol), Pd(OAc)2 (0.67 
mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), and was left to stir at 60 ℃ for 
16 hours. The crude residue was purified on silica gel (30% CH2Cl2 in hexanes) to afford 
the title compound as clear colorless oil (63.3 mg, 54% yield, 92:8 er). 1H NMR (600 MHz, 
CDCl3) δ 7.43-7.40 (1H, m), 7.15-7.11 (1H, m), 7.06-7.03 (1H, m), 7.00-6.97 (1H, m), 
6.54 (1H, d, J = 16.2 Hz), 6.31-6.27 (1H, m), 4.76-4.75 (2H, m), 2.41 (1H, dd, , J = 13.8 ,7.8 
Hz), 2.32-2.25 (2H, m), 1.89-1.84 (1H, m), 1.80-1.74 (5H, m), 1.70-1.67 (1H, m), 1.30-
1.25 (2H, m), 1.23-1.22 (12H, m), 1.17-1.24 (3H, m). 13C NMR (150 MHz, CDCl3) δ 160.0 
(d, J = 253.5 Hz), 154.4, 134.4 (d, J = 4.5 Hz), 127.8 (d, J = 7.5 Hz), 127.0 (d, J = 4.5 Hz), 
126.1 (d, J = 12.0 Hz), 124.0 (d, J = 3.0 Hz), 121.5 (d, J = 4.5 Hz), 115.6 (d, J = 22.5 Hz), 
107.7, 83.5, 44.4, 36.2, 32.7, 28.4 (C-B), 27.01, 27.00, 26.6, 24.9, 24.8. 11B NMR (160 
MHz, CDCl3) δ 32.71. 19F NMR (470 MHz, CDCl3) δ -118.90 – -118.95 (m). IR (neat) 
νmax  3037.7 (w), 2977.7 (m), 2851.5 (w), 1639.1 (w), 1485.9 (w), 1449.7 (w), 1369.9 (m), 
1322.6 (m), 1229.0 (w), 1165.5 (s), 967.47 (m), 792.93s) cm-1. HRMS (DART+) for 
C24H35BFO2 [M+H]+ calculated: 385.2714, found: 385.2715. [α]20D -10.078 (c = 1.990, 
CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (1 mol%) and rac-Bis[(N,N-dimethylamino)(phenyl)methyl]-
1,1'-bis(di(3,5-dimethylphenyl)phosphino)ferrocene (1.2 mol%) as the catalyst. Absolute 
stereochemistry was assumed to be the same as determined for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 15% isopropanol, 100 bar) – analysis of 
(R,E)-5-cyclohexyl-1-(2-fluorophenyl)hexa-1,5-dien-3-ol. 
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 (R,E)-4,4,5,5-Tetramethyl-2-(5-methyl-1-phenylhexa-1,5-dien-3- 
yl)-1,3,2-dioxaborolane (2.164). The reaction was performed 
according to the general procedure (Method E) with (E)-4,4,5,5-tetramethyl-2-styryl-
1,3,2-dioxaborolane (2.213) (69.0 mg, 0.30 mmol), 2-bromopropene (0.034 mL, 0.36 
mmol), potassium trifluoromethanesulfonate (67.7 mg, 0.36 mmol), Pd(OAc)2 (1.35 mg, 
0.006 mmol, 2%), 2.52 (6.95 mg, 0.0066 mmol, 2.2%), and was left to stir at 60 ℃ for 16 
hours. The crude residue was purified on silica gel (30% CH2Cl2 in hexanes) to afford the 
title compound as clear colorless oil (52.7 mg, 59% yield, 93:7 er). 1H NMR (600 MHz, 
CDCl3) δ 7.33-7.321 (2H, m), 7.28-7.26 (2H, m), 7.18-7.15 (1H, m), 6.39 (1H, d, J=15.6 
Hz), 6.20 (1H, dd, J = 16.2, 8.4 Hz), 4.74 (1H, s), 4.72 (1H, s), 2.40-2.35 (1H, m), 2.27-
2.22 (2H, m),  1.73 (3H, s), 1.23 (6H, s), 1.22 (6H, s). 13C NMR (150 MHz, CDCl3) δ 
145.2, 138.3, 131.4, 129.2, 128.5, 126.7, 126.0, 110.8, 83.5, 38.9, 27.8 (C-B), 24.9, 24.8, 
22.8. 11B NMR (160 MHz, CDCl3) δ 30.3. IR (neat) νmax 3079.6 (w), 3024.1 (w), 2977.1 
(m), 2928.7 (m), 1647.5 (w), 1447.5 (w), 1369.8 (s), 1357.3 (s), 1322.6 (s). 1270.2 (m), 
1140.3 (s), 964.5(s), 887.3 (m), 866.6 (m), 852.5 (m) cm-1. HRMS (DART+) for 
C19H28BO2 [M+H]+ calculated: 299.2182, found: 299.2179. [α]20D -7.231 (c = 2.050, 
CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene 
(6.0 mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as 
determined for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 15% isopropanol, 100 bar) – analysis of 
(R,E)-5-methyl-1-phenylhexa-1,5-dien-3-ol. 
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 (R,E)-2-(1-(Benzo[d][1,3]dioxol-5-yl)-5-cyclohexylidene- 
pent-1-en-3-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  
(2.165). The reaction was performed according to the general procedure (Method D) with 
(E)-2-(2-(benzo[d][1,3]dioxol-5-yl)vinyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.211) 
(82.2 mg, 0.30 mmol), cyclohexylidenemethyl trifluoromethanesulfonate (2.100) (68.1 mg, 
0.36 mmol), Pd(OAc)2 (0.67 mg, 0.003 mmol, 1%), 2.52 (3.79 mg, 0.0036 mmol, 1.2%), 
and was left to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (30% 
CH2Cl2 in hexanes) to afford the title compound as clear colorless oil (67.8 mg, 57% yield, 
87:13 er). 1H NMR (600 MHz, CDCl3) δ 6.89 (1H, s), 6.75-6.71 (2H, m), 6.28 (1H, d, J = 
15.6 Hz), 6.05 (1H, dd, J = 15.6, 8.4 Hz),  5.92 (2H, s), 5.09-5.07 (1H, m), 2.34-2.29 (1H, 
m), 2.24-2.15 (2H, m), 2.13-2.09 (1H, m), 2.05-2.03 (2H, m), 1.97 (1H, app q, J = 16.2, 
7.8 Hz), 1.53-1.44 (6H, m), 1.23 (12H, s). 13C NMR (150 MHz, CDCl3) δ 148.0, 146.5, 
140.3, 133.0, 130.1, 128.7, 120.5, 120.3, 108.3, 105.6, 101.0, 83.4, 37.4, 30.1 (C-B), 29.1, 
28.8, 28.7, 27.9, 27.1, 24.9. 11B NMR (160 MHz, CDCl3) δ 32.7. IR (neat) νmax  2977.2 
(w), 2925.6 (m), 2853.9 (w), 1603.9 (w), 1489.4 (w), 1371.1 (w), 1353.7 (w), 1323.8 (w), 
1165.9 (m), 1039.9 (m),  966.0 (w), 931.4 (w), 864.2 (w), 802.0 (w) cm-1. HRMS (DART+) 
for C24H37BO4N [M+NH4]+ calculated: 414.2816, found: 414.2810. [α]20D -10.588 (c 
=1.430 , CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (1 mol%) and rac-Bis[(N,N-dimethylamino)(phenyl)methyl]-
1,1'-bis(di(3,5-dimethylphenyl)phosphino)ferrocene (1.2 mol%) as the catalyst. Absolute 
stereochemistry was assumed to be the same as determined for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 6% isopropanol, 100 bar) – analysis of 
(R,E)-1-(benzo[d][1,3]dioxol-5-yl)-5-cyclohexylidenepent-1-en-3-ol. 
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 (R,E)-2-(1-(1H-Inden-2-yl)oct-3-en-2-yl)-4,4,5,5-tetrame- 
th-yl-1,3,2-dioxaborolane (2.166). The reaction was 
performed according to the general procedure (Method E) with (E)-2-(hex-1-en-1-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (2.127) (63.0 mg, 0.30 mmol), 2-bromoindene 
(70.2 mg, 0.36 mmol), potassium trifluoromethanesulfonate (67.7 mg, 0.36 mmol), 
Pd(OAc)2 (1.35 mg, 0.006 mmol, 2%), 2.52 (6.95 mg, 0.0066 mmol, 2.2%), and was left 
to stir at 60 ℃ for 16 hours. The crude residue was purified on silica gel (30% CH2Cl2 in 
hexanes) to afford the title compound as clear colorless oil (65.5 mg, 62% yield, 89:11 er). 
1H NMR (500 MHz, CDCl3) δ 7.35 (1H, d. J = 7.5 Hz), 7.24 (1H, d, J = 7.5 Hz), 7.19 (1H, 
t, J = 7.0 Hz), 7.08 (1H, d, J = 7.5, 1.5 Hz), 6.51 (1H, s), 5.48-5.39 (2H, m), 3.35-3.25 (2H, 
m), 2.73 (1H, dd, J = 15.5, 8.5 Hz), 2.59 (1H, dd, J = 15.0, 7.5 Hz), 2.16 (1H, app q, J = 
7.5 Hz), 2.00-1.96 (2H, m), 1.33-1.21 (4H, m), 1.19 (12H, s), 0.84 (3H, t, J = 7.0 Hz). 13C 
NMR (150 MHz, CDCl3) δ 150.6, 145.8, 143.4, 130.6, 130.1, 126.8, 126.2, 123.6, 123.4, 
120.0, 83.3, 41.5, 32.7, 32.6, 31.9, 28.4 (C-B), 24.8, 24.7, 22.1, 14.0. 11B NMR (160 MHz, 
CDCl3) δ 33.0. IR (neat) νmax 2976.2 (w), 2956.7 (w), 2925.3 (w), 2871.8 (w), 1610.7(w), 
1460.8 (s), 1369.4 (m), 1321.7 (m), 1271.6 (s), 1141.5 (w), 11040.0 (s), 967.4 (m), 909.2 
(w), 750.2 (w) cm-1. HRMS (DART+) for C23H34BO2 [M+H]+ calculated: 353.2652, found: 
353.2658. [α]20D -14.757 (c = 2.290, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel OD-H, 35 °C, 3 mL/min, 5% isopropanol, 100 bar) – analysis of 
(R,E)-2-(1-(1H-Inden-2-yl)oct-3-en-2-yl)-4,4,5,5-tetrameth-yl-1,3,2-dioxaborolane 
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 (R)-1-(4-Methoxyphenyl)but-3-en-2-ol (2.222). The reaction was 
performed according to the general procedure (Method D) vinyl 
boronic acid pinacol ester (46.2 mg, 0.30 mmol), 4-methoxyphenyl 
trifluoromethanesulfonate (92.2 mg, 0.36 mmol), Pd(OAc)2 (2.0 mg, 0.009 mmol, 3%), 
2.52 (10.1 mg, 0.0096 mmol, 3.2%), and was left to stir at 60 ℃ for 5 hours. The crude 
residue was directly oxidized according to the sodium perborate oxidation procedure.  The 
crude residue was purified on silica gel (10-20% ethyl acetate in hexanes) to afford the title 
compound as clear colorless oil (32.5 mg, 61% yield, 93:7 er). 1H NMR (600 MHz, CDCl3) 
δ 7.15 (2H, d, J = 8.6 Hz), 6.86 (2H, d, J = 8.6 Hz), 5.93 (1H, ddd, J = 16.4, 10.5, 5.8 Hz), 
5.25 (1H, dt, J = 17.2, 1.4 Hz), 5.13 (1H, dt, J = 10.4, 1.3 Hz), 4.30 (1H, app q, J = 6.0 Hz), 
3.80 (3H, s), 2.83 (1H, dd, J = 13.7 5.1 Hz), 2.73 (1H, dd, J = 13.7, 8.0 Hz), 1.62 (1H, br 
s).  13C NMR (150 MHz, CDCl3) δ 158.5, 140.4, 130.7, 129.8, 115.0, 114.1, 73.9, 55.4, 
43.1. IR (neat) νmax 3387.6 (br), 2932.8 (w), 2915.2 (w), 2835.8 (w), 1611.7 (w), 1511.1 
(s), 1244.0 (s), 1177.6 (m), 1118.4 (m), 1034.0 (s), 993.3 (m), 922.1 (w), 817.2 (w) cm-1. 
HRMS (APPI+) for C11H13O [M+H-H2O]+ calculated: 161.0961, found: 161.0968. [α]20D 
-1.692 (c = 0.985, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The  alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel AS-H, 35 °C, 3 mL/min, 3% isopropanol, 100 bar) – analysis of (R)-
1-(4-methoxyphenyl)but-3-en-2-ol 
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 (R)-4,4,5,5-Tetramethyl-2-(1-(4-(trifluoromethyl)phenyl)but-3-en- 
2-yl)-1,3,2-dioxaborolane (2.168). The reaction was performed 
according to the general procedure (Method D) vinyl boronic acid pinacol ester (46.2 mg, 
0.30 mmol), 4-(trifluoromethyl)phenyl trifluoromethanesulfonate (2.195) (105.9 mg, 0.36 
mmol), Pd(OAc)2 (2.0 mg, 0.009 mmol, 3%), 2.52 (10.1 mg, 0.0096 mmol, 3.2%), and was 
left to stir at 60 ℃ for 5 hours. The crude residue was purified on silica gel (20-50% CH2Cl2 
in pentane) to afford the title compound as clear colorless oil (72.7 mg, 74% yield, 96:4 
er). 1H NMR (600 MHz, CDCl3) δ 7.50 (2H, d, J = 8.0 Hz), 7.31 (2H, d, J = 8.0 Hz), 5.82 
(1H, ddd, J = 17.2, 10.3, 8.3 Hz), 5.02-4.94 (2H, m), 2.94 (1H, dd, J = 13.29 8.2 Hz), 2.82 
(1H, dd, J = 13.9, 7.8 Hz), 2.22 (1H, app q, J = 8.1 Hz), 1.17 (6H, s), 1.16 (6H, s).  13C 
NMR (150 MHz, CDCl3) δ 146.0, 138.3, 129.3, 128.2 (q, J = 32.2 Hz), 125.1 (q, J = 11.4 
Hz), 124.6 (q, J = 268.8 Hz), 114.8, 83.6, 36.3, 31.9 (C-B), 24.8, 24.7. 19F NMR (470 MHz, 
CDCl3) δ -62.3. 11B NMR (160 MHz, CDCl3) δ 32.5. IR (neat) νmax 2979.1 (w), 2934.4 
(w), 1618.2 (w), 1362.3 (m), 1322.5 (s), 1258.0 (w), 1213.4 (w), 1262.8 (m), 1121.9 (s), 
1067.4 (s), 973.3 (w), 907.0 (w). 846.2 (m) cm-1. HRMS (DART+) for C17H23BF3O2 
[M+H]+ calculated: 327.1743, found: 327.1754. [α]20D -1.541 (c = 1.075, CHCl3, l =50 
mm).  
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Analysis of Stereochemistry. The boronic ester was oxidized according to the general 
procedure. The resulting allylic alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (3 mol%) and rac-Bis[(N,N-dimethylamino)(phenyl)methyl]-
1,1'-bis(di(3,5-dimethylphenyl)phosphino)ferrocene (3.2 mol%) as the catalyst. Absolute 
stereochemistry was assumed to be the same as determined for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel AD-H, 35 °C, 3 mL/min, 10% isopropanol, 100 bar) – analysis of 
(R)-1-(4-(trifluoromethyl)phenyl)but-3-en-2-ol 
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(R)-1-(4-Methoxyphenyl)but-3-en-2-ol (2.223). The reaction was 
performed according to the general procedure (Method C) vinyl 
boronic acid pinacol ester (46.2 mg, 0.30 mmol), 6-quinolinyl trifluoromethanesulfonate 
(97.3 mg, 0.36 mmol), Pd(OAc)2 (2.0 mg, 0.009 mmol, 3%), 2.52 (10.1 mg, 0.0096 mmol, 
3.2%), and was left to stir at 60 ℃ for 5 hours. The crude residue was directly oxidized 
according to the sodium perborate oxidation procedure.  The crude residue was purified on 
silica gel (20-60% ethyl acetate in hexanes) to afford the title compound as clear colorless 
oil (40.9 mg, 68% yield, 94:6 er). 1H NMR (600 MHz, CDCl3) δ 8.84-8.81 (1H, m), 8.08 
(1H, d, J = 8.3), 8.01 (1H, d, J = 8.6 Hz), 7.64 (1H, s), 7.60-7.57 (1H, m), 7.35 (1H, dd, J 
= 8.2, 4.2 Hz), 5.98 (1H, ddd, J = 16.8, 10.4, 5.8 Hz), 5.27 (1H, dt, J = 17.1, 1.4 Hz), 5.15 
(1H, dt, J = 10.4, 1.3 Hz), 4.47 (1H, dt, J = 7.7, 5.8 Hz), 3.05 (1H, dd, J = 13.7, 5.2 Hz), 
2.99 (1H, dd, J = 13.7, 7.9 Hz), 2.52 (1H, br s). 13C NMR (150 MHz, CDCl3) δ 150.0, 
147.3, 140.3, 136.7, 136.0, 131.8, 129.4, 128.3, 128.0, 121.3, 115.4, 73.6, 43.8. IR (neat) 
νmax 3223.1 (br), 3074.4 (w), 2918.6 (w), 2835.0 (w), 1594.2 (w), 1574.7 (w), 1502.6 (s), 
1247.0 (w), 1320.3 (w), 1118.4 (m), 1034.4 (m), 994.4 (m), 921.0 (m), 827.5 (s), 798.6 
(m), 772.0 (m) cm-1. HRMS (APPI+) for C13H14NO [M+H]+ calculated: 200.1075, found: 
200.1074. [α]20D -1.630 (c = 1.805, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The  alcohol was compared to racemic alcohol prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry was assumed to be the same as determined 
for compounds 2.128 and 2.148. 
 
Chiral SFC (Chiralcel AD-H, 35 °C, 3 mL/min, 15% isopropanol, 100 bar) – analysis of 
(R)-1-(quinolin-6-yl)but-3-en-2-ol 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
268 
   2.9.2.2.6. Procedures and Characterization for Transformations  
   of Allylic Boronic Esters 
 
tert-Butyl (R,E)-(1-phenyloct-3-en-2-yl)carbamate (2.172). 
Prepared according to the procedure reported in the literature77 
with (R,E)-4,4,5,5-tetramethyl-2-(1-phenyloct-3-en-2-yl)-1,3,2-dioxaborolane (2.128) 
(103.0 mg, 0.33 mmol, 1.0 equiv.), methoxyamine (0.282 mL, 3.51 M in THF, 0.99 mmol, 
3 equiv.), nbutyllithium (0.374 mL, 2.65 M in hexanes, 0.99 mmol, 3 equiv.) and THF (2.5 
mL), followed by di-tert-butyl dicarbonate (0.244 mL, 1.06 mmol, 3.2 equiv.). The crude 
residue was purified with the Biotage Isolera One in 2-10% ethyl acetate in hexanes to 
afford the title compound as white solid (0.0862 g, 86% yield, 92:8 er). 1H NMR (600 
MHz, CDCl3) δ 7.30-7.26 (2H, m), 7.22-7.18 (1H, m), 7.18-7.14 (2H, m), 5.48 (1H, dt, J 
= 15.0, 6.6 Hz), 5.35 (1H, dd, J = 15.6, 6.0 Hz), 4.50-4.26 (2H, br m),  2.87-2.81 (1H, br 
m), 2.79 (1H, dd, J = 13.2, 7.2 Hz), 1.98 (2H, app q, J = 6.6 Hz), 1.41 (9H, s), 1.32-1.20 
(4H, m), 0.86 (3H, t, J = 7.2 Hz). 13C NMR (150 MHz, CDCl3) δ 155.3, 137.9, 131.8, 
129.8, 129.7, 128.3, 126.4, 79.3, 53.3, 42.1, 32.0, 31.4, 28.5, 22.2, 14.0. IR (neat) νmax 
3344.0 (br), 2957.9 (w), 2926.2 (m), 2857.0 (m), 1699.7 (s), 1495.1 (m), 1365.3 (m), 
1246.1 (m), 1168.7 (s), 1013.0 (w), 969.0 (w), 699.5 (m) cm-1.  HRMS (DART+) for 
C19H30NO2 [M+H]+ calculated: 304.2277, found: 304.2287. [α]20D -5.129 (c = 0.890, 
CHCl3, l =50 mm). 
 
                                                 
77 Mlynarski, S. N.; Karns, A. S.; Morken, J. P. J. Am. Chem. Soc. 2012, 134, 16449. 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared 
analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-bis(dicyclohexylphosphino)ferrocene (6.0 
mol%) as the catalyst. Absolute stereochemistry determination shown below. 
 
Chiral SFC (Chiralcel AS-H, 35 °C, 3 mL/min, 2% isopropanol, 100 bar) – analysis of 
tert-butyl (R,E)-(1-phenyloct-3-en-2-yl)carbamate. 
 
 
 
 
 
 
 
 
 
 
 
 
Absolute stereochemistry was determined by ozonolysis/reduction to Boc-D-
Phenylalaninol and comparison of the optical rotation to the reported value. 
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tert-butyl (R)-(1-hydroxy-3-phenylpropan-2-yl)carbamate (2.224). To 
a 10-dram vial equipped with a magnetic was added tert-butyl (R,E)-(1-
phenyloct-3-en-2-yl)carbamate (2.172) (73.0 mg, 0.240 mmol, 1.0 equiv), CH2Cl2 (4.0 
mL), and methanol (4.0 mL). The solution was allowed to cool to -78 °C. While open to 
the atmosphere, O3 was introduced for approximately 1 min until the solution turned a pale 
blue color. Sodium borohydride (272 mg, 7.2 mmol, 30 equiv.) was then added as  solid. 
The solution was allowed to stir for 5 min at -78 °C then was allowed to warm to room 
temperature and left to stir for 3 hours (open to the atmosphere). H2O was added (6 mL) 
and the solution was transferred to a separatory funnel with ethyl acetate. The layers were 
separated, and the aqueous layer was washed with ethyl acetate (3x 10 mL). Combined 
organic dried over Na2SO4, filtered, and concentrated under reduced pressure. The crude 
residue was then filtered through a small pad of silica gel with ethyl acetate to afford Boc-
D-phenylalaninol as white solid (60.0 mg, quantitative yield). All spectral data was in 
accord with commercially available material. 
 
[α]20D +19.639 (92:8 er, c = 1.235, CHCl3, l =50 mm).  
 
Reported for Boc-D-phenylalaninol: [α]21D: +21.6 (98% ee, c = 1.0, CHCl3).78 
                                                 
78 Maji, B.; Yamamoto, H. Angew. Chem. Int. Ed. 2014, 53, 8714.  
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 (1S,2S)-1-Phenyl-2-((E)-3-phenylprop-1-en-1-yl)hexan-1-ol  
(2.173). Prepared according to the procedure reported in the 
literature 79  with (R,E)-4,4,5,5-tetramethyl-2-(1-phenyloct-3-en-
2-yl)-1,3,2-dioxaborolane (1.128) (70.0 mg, 0.22 mmol, 1.0 equiv.) to afford the title 
compound as clear colorless oil (57.9 mg, 88% yield, 92:8 er, 93:7 dr). 1H NMR (600 MHz, 
CDCl3) δ  7.37-7.27 (7H, m), 7.22-7.20 (1H, m), 7.17-7.16 (2H, m), 5.76-5.71 (1H, m), 
5.39-5.35 (1H, m), 4.41 (1H, d, J = 7.2 Hz), 3.43 (2H, d, J = 7.2 Hz), 2.32-2.27 (1H, m), 
2.18 (1H, s), 1.34-1.12 (6H, m), 0.81 (3H, t, J = 6.6 Hz). 13C NMR (150 MHz, CDCl3) δ 
142.8, 140.6, 133.7, 132.3, 128.59, 128.57, 128.3, 127.6, 127.1, 126.2, 77.1, 51.7, 39.3, 
30.7, 29.70, 22.6, 14.1. IR (neat) νmax  3433.0 (br), 3083.7 (w), 3061.7 (w), 3027.2 (m), 
2955.4 (m), 2857.4 (w) 1602.9 (w), 1493.7 (m), 1453.0 (m), 1029.4 (w), 973.7 (w),m 745.4 
(m), 698.7 (s) cm-1. HRMS (DART+) for C21H25 [M+H-H2O]+ for calculated: 277.1956, 
found: 277.1968. [α]20D -38.066 (c =1.630 , CHCl3, l =50 mm). 
 
  
                                                 
79 Chen, J. L.-Y.; Scott, H. K.; Hesse, M. J.; Willis, C. L.; Aggarwal, V. K.. J. Am. Chem. Soc. 2013, 135, 
5316. 
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Analysis of Stereochemistry. The allylation product was compared to racemic product 
prepared analogously with Pd(OAc)2 (5.0 mol%) and 1,1′-
bis(dicyclohexylphosphino)ferrocene (6.0 mol%) as the catalyst.  
 
Chiral SFC (Chiralcel AD-H, 35 °C, 3 mL/min, 5% isopropanol, 100 bar) – analysis of 
(1S,2S)-1-phenyl-2-((E)-3-phenylprop-1-en-1-yl)hexan-1-ol 
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Chapter 3 
Cross-Coupling of Geminal Bis(boronic esters) and Alkenyl Halides 
 
3.1 Introduction 
 Palladium complex-catalyzed cross-coupling has become one of the most used 
methods for the construction of carbon-carbon bonds. In particular, the Suzuki-Miyaura 
cross-coupling has become ubiquitous across the field of organic synthetic chemistry 
synthesis due to the fact that the organoboron nucleophiles that are used are benign, readily 
accessible, and typically bench stable.1 While early examples of Suzuki-Miyaura cross-
couplings2 could only employ both sp2 nucleophiles and electrophiles, significant 
advancements in this area of catalysis have led to the development of cross-coupling with 
alkyl nucleophiles,3 and, particularly with the development of nickel complexes as 
catalysts, with alkyl electrophiles.4 With these advances have come the opportunity to 
generate or retain carbon stereocenters in these reactions through the development of 
enantioselective and stereospecific variations.5 Similar to the other transition metal 
catalyzed cross-coupling reactions, the Suzuki-Miyaura reaction includes three elementary 
                                                 
1 Magano, J.; Dunetz, J. R. Chem. Rev. 2011, 111, 2177. 
2 First reports: (a) Miyaura, N.; Yamada, K.; Suzuki, A. Tetrahedron Lett. 1979, 20, 3437. (b) Miyaura, N.; 
Suzuki, A. J. Chem. Soc. Chem. Commun. 1979, 866. For reviews see: (a) Miyaura, N.; Suzuki, A. Chem. 
Rev. 1995, 95, 2457. (b) Diederich, F.; Stang, P. J., Eds. Metal-Catalyzed Cross-Coupling Reactions; 
Wiley-VCH: Weinheim, 1998. (c) de Meijere, A., Diederich, F. Eds. Metal-Catalyzed Cross-Coupling 
Reactions; Wiley-VCH: Weinheim, 2004. (d) Negishi, E.-i., Ed. Handbook of Organopalladium Chemistry 
for Organic Synthesis; Wiley-Interscience: New York, 2002. (e) Miyaura, N. Top. Curr. Chem. 2002, 219, 
11. 
3 Jana, R.; Pathak, T. P.; Sigman, M. S. Chem. Rev. 2011, 111, 1417. 
4 (a) Netherton, M. R.; Fu, G. C. Adv. Synth. Catal. 2004, 346, 1525. (b) Frisch, A. C.; Beller, M. Angew. 
Chem., Int. Ed. 2005, 44, 674. (c) Tsuji, J. Topics in Organometallic Chemistry: Palladium in Organic 
Synthesis (Springer: New York, 2005). (d) Saito, B.; Fu, G. C. J. Am. Chem. Soc. 2007, 129, 9602. 
5 For reviews see: (a) Horn, K. A. Chem. Rev. 1995, 95, 1317. (b) Tietze, L. F.; Ila, H.; Bell, H. P. Chem. 
Rev. 2004, 104, 3453. (c) McManus, H. A.; Guiry, P. J. Chem. Rev. 2004, 104, 4151. For stereospecific 
variants see: (d) Cherney, A. H.; Kadunce, N. T.; Reisman, S. E. Chem. Rev. 2015, 115, 9587.  
438 
steps. The catalytic cycle is shown in Scheme 3.1. Oxidative addition of an electrophile 
(3.2) to Pd(0) intermediate 3.1 furnishes a Pd(II) intermediate 3.3. Base (MY) mediated 
transmetalation of an organoboron species (3.4) furnishes a second Pd(II) intermediate 3.5, 
which upon reductive elimination furnishes the cross-coupled product 3.6 and regenerates 
the Pd(0) to continue in the catalytic cycle. Through these three steps, a broad array of 
cross-couplings can be performed. 
 
Scheme 3.1. Suzuki-Miyaura cross-coupling catalytic cycle 
 
 
 Enantioenriched allylic boronic esters are particularly useful reagents due to the 
fact that, unlike other allyl metal reagents, they are configurationally stable. This means 
they can be isolated as one regio- and stereoisomer and used in subsequent stereospecific 
transformations. Whereas the same stereospecific reactions that can be applied to 
enantioenriched alkyl boronic esters such as oxidation (Scheme 3.2a), amination (Scheme 
3.2b), and homologation (Scheme 3.2c) apply to these compounds, additional reactions are 
applicable with these substrates. Due to the unique reactivity of the allyl boron moiety, 
stereospecific bond formations at the γ-carbon are also possible (Scheme 3.2). The most 
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well-known of these stereospecific transformations are carbonyl allylation reactions 
(Scheme 3.2d) which have been extensively studied.6 It has been shown that γ-oxidations 
(Scheme 3.2e) can be used to furnish allylic alcohols.7 Recently Aggarwal, Mayr and co-
workers have shown the γ-position of enantioenriched allylic boronic esters can be 
functionalized by a variety of electrophiles including tropylium and benzodithiolylium 
ions, activated pyridines, Eschenmoser’s salt, Togni’s reagent, Selectfluor, and diisopropyl 
azodicarboxylate (DIAD) with excellent regio- and stereospecificity (Scheme 3.2f).8 
Stereospecific γ-selective palladium complex-catalyzed cross-couplings (Scheme 3.2g,h) 
are also possible with these substrates and will be discussed in Chapter 4. Due to the fact 
that these reagents offer efficient access to a wide variety of enantioenriched complex 
products, efficient enantioselective catalytic methods to obtain these substrates are sought 
after. 
 
  
                                                 
6 For stereochemical control in allylic borylations with α-chiral γ,γ-disubstituted  allyl boronates to furnish 
all-carbon quaternary centers see (a) Kliman, L. T.; Mlynarski, N.; Ferris, G. E.; Morken, J. P. Angew. 
Chem., Int. Ed. 2012, 51, 521. (b) Chen, J. L.-Y.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2014, 53, 10992. 
(c) Hoffmann, R. W.; Shlapbach, A. Liebigs Ann. Chem. 1991, 1203. 
7 Kyne, R. E.; Ryan, M. C.; Kliman, L. T.; Morken, J. P. Org. Lett. 2010, 12, 3796 
8 García-Ruiz, C.; Chen, J. L.-Y.; Sandford, C.; Feeney, K.; Lorenzo, P.; Berionni, G.; Mayr, H.; Aggarwal, 
V. K. J. Am. Chem. Soc. 2017, 139, 15324. 
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Scheme 3.2. Utility of enantioenriched allylboron reagents 
 
 
3.2 Background 
 3.2.1. Catalytic Methods to Synthesize Enantioenriched Allyboron Compounds. 
Due to their high synthetic utility, there has been an interest in synthesis of enantioenriched 
allylboron reagents.9 While in the past, these reagents have been synthesized with chiral 
auxiliary chemistry, in more recent years there have been several catalytic enantioselective 
methods developed to synthesize these products. 
 In 2011, Ito and Sawamura reported the synthesis of enantioenriched allylboronic 
esters (3.8) from allyl carbonates using copper catalysis in the presence of a chiral bidentate 
phosphine ligand QuinoxP* (3.9) (Scheme 3.3a).10 Z-allylic carbonates (3.7) were used and 
when the corresponding E-isomers were used, lower enantioselectivities were observed. 
The same group later reported the reaction could be performed in a stereoconvergent 
                                                 
9 For an excellent review on the synthesis of enantioenriched allylboron reagents see: Diner, C.; Szabó, K. 
J. J. Am. Chem. Soc. 2017, 139, 2. 
10 Ito, H.; Ito, S.; Sasaki, Y.; Matsuura, K.; Sawamura, M. J. Am. Chem. Soc. 2007, 129, 14856. 
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manner with racemic cyclic allyl carbonates, as well as methyl and benzyl ethers (3.10) 
(Scheme 3.3b).11 Interestingly, this reaction does not proceed by means of enantioselective 
synthesis with a racemization or symmetrization step, but through a direct 
enantioconvergent mechanism. 
 
Scheme 3.3. Ito and Sawamura’s syntheses of allylic boronic esters 
 
 
 Hoveyda and co-workers have also shown that copper can be used in allylic 
borylation reactions to furnish enantioenriched α-substituted allylic boronic esters (3.13) 
(Scheme 3.4).12 The E- or Z-isomer of allylic carbonate (3.12) can be used to synthesize a 
wide variety of secondary and tertiary α-substituted allylic boronic esters in excellent yield 
and selectivity.  
 
  
                                                 
11 Ito, H.; Kunii, S.; Sawamura, M. Nat. Chem. 2010, 2, 972. 
12 Guzman-Martinez, A.; Hoveyda, A. H. J. Am. Chem. Soc. 2010, 132, 10634. 
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Scheme 3.4. Hoveyda’s synthesis of allylborononic esters 
 
 
 Later, McQuade and co-workers reported that a copper catalyzed allylic borylation 
reaction could be accomplished in a stereoconvergent manner, with allylic 3-nitrophenyl 
ethers (3.16) as electrophiles. Both the E- and Z-isomers of electrophile formed the same 
enantiomer of desired product 3.17 (Scheme 3.5).13 
 
Scheme 3.5. McQuade’s synthesis of allylboronic esters reagents 
  
 
 The Morken group has shown that allylic 1,2-bis(boronic esters)  
(3.20) can be obtained in a platinum catalyzed 1,2-diboration of 1,3-dienes (3.19) (Scheme 
3.6). This method allows access to γ,γ-disubstituted allylic boronic esters, which are unable 
to be synthesized using the previously described methods. Although not a catalytic method, 
                                                 
13 Park, J. K.; Lackey, H. H.; Ondrusek, B. A.; McQuade, D. T. J. Am. Chem. Soc. 2011, 133, 2410. 
443 
one of the few ways to access enantioenriched γ,γ-substituted allylic boronic esters is 
through Aggarwal’s sparteine-mediated lithiation/borylation strategy.14 
 
Scheme 3.6. Morken’s 1,2-diboration of 1,3-dienes 
 
 
 More recently the Watson group has shown that a stereospecific nickel-catalyzed 
borylation reaction can be performed on chiral allylic pivalate derivatives (3.24) to access 
enantioenriched allylic boronic esters (3.25) (Scheme 3.7).15 By changing the reaction 
solvent and ligand for nickel, both the retentive and invertive products can be obtained 
allowing for the isolation of both enantiomers of product. Only trans-substituted allylic 
pivalates are used in the reaction to give trans-allylic boronic esters. 
 
Scheme 3.7. Watson’s synthesis of enantioenriched allylic boronic esters 
 
                                                 
14 Chen, J. L.-Y.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2014, 53, 10992. 
15 Zhou, Q.; Srinivas, H. D.; Zhang, S.; Watson, M. P. J. Am. Chem. Soc. 2016, 138, 11989. 
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3.2.2. Stereo-Retentive vs. Invertive Pd-Catalyzed Suzuki-Miyaura Cross-
Coupling. As mentioned above, Suzuki-Miyaura cross coupling reactions have been 
rendered stereospecific.16 When alkyl boronic esters with boron-containing stereocenters 
are used in Pd-complex catalyzed Suzuki-Miyaura cross-coupling, there are two possible 
stereochemical outcomes; the resulting electrophile replaces the boron moiety in either a 
retentive or invertive fashion. With oxidative addition and reductive elimination both 
occurring with retention of stereochemistry,17 the stereochemical outcome of the reaction 
is dictated by the transmetalation.  
 Early stereospecific Suzuki reactions were performed on cyclopropyl substrates by 
Deng who noticed trans-substituted cyclopropyl starting materials resulted in trans-cross-
coupled products.18 Deng and Charette later independently reported cis-substituted 
cyclopropyl trifluoroborate starting materials also resulted in cis-cross-coupled products.19 
It was presumed these substrates would undergo stereoretentive cross-coupling as was seen 
with sp2 boronic esters due to the fact that the Walsh orbitals of the cyclopropane ring have 
high p-character and are therefore sp2-like. In 1998, Deng and co-workers showed that 
enantioenriched trans-substituted cyclopropyl boronic acids could be cross coupled with 
retention (Scheme 3.8).20 Later, the same group showed triflates could be used as 
                                                 
16 See ref 5d. 
17 (a) Hartwig, J. Organotransition Metal Chemistry. University Science Books: Sausolito, 2010. (b) 
Jutand, A.; J. Organomet. Chem. 1999, 576, 254. (c) Amatore, C.; Jutand, A. Acc. Chem. Res. 2000, 33, 
314. (d) Milstein, D.; Stille, J. K. J. Am. Chem. Soc. 1979, 101, 4981. 
18 Wang, X.-Z.; Deng, M.-Z. J. Chem. Soc. Perkin. Trans. 1. 1996, 2663. 
19 (a) Fang, G. H.; Yan, Z. J.; Deng, M. Z. Org. Lett. 2004, 6, 357. (b) Charette, A. B.; Mathieu, S.; 
Fournier, J.-F. Synlett, 2005, 1779. 
20 Zhou, S.-M.; Deng, M.-Z.; Xia, L.- J.; Tang, M.-H. Angew. Chem. Int. Ed. 1998, 37, 2845. 
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electrophiles under the same reaction conditions and acid chlorides could also be used as 
electrophiles in the presence of Ag2O and K2CO3.21  
 
Scheme 3.8. Deng’s cross-coupling of cyclopropyl boronic acids 
 
 
 In 2009, the Crudden group showed that acyclic enantioenriched benzylic boronic 
esters (3.29) could be engaged in a retentive cross-coupling with aryl iodides providing 
unambiguous evidence that alkyl substrates can undergo stereospecific coupling (Scheme 
3.9a).22 They propose an inner sphere transmetalation occurs with coordination of boron 
and palladium through a linked species (drawn as Y in Scheme 3.9). The link is presumably 
an oxo linkage from the silver oxide (Scheme 3.9b). This coordination allows for a four-
membered closed transition state (3.31) in which the alkyl group attached to boron is 
transferred to the palladium center in a manner which retains the stereochemistry of the 
carbon stereocenter. This closed inner sphere transmetalation is analogous to the proposed 
inner sphere transmetalations of aryl boron species.23 Crudden and co-workers showed that 
                                                 
21 (a) Yao, M.-L.; Deng, M.-Z. New. J. Chem. 2000, 24, 425. (b) Yao, M.-L.; Deng, M.-Z. Synthesis, 2000, 
2000, 1095. (c) Chen, H.; Deng, M.-Z. Org. Lett. 2000, 2, 1649. 
22 Imao, D.; Glasspoole, B. W.; Laberge, V. S.; Crudden, C. M. J. Am. Chem. Soc. 2009, 131, 5024. 
23 (a) Thomas, A. A.; Denmark, S. E. Science, 2016, 352, 329. (b) Matos, K.; Soderquist, J. A. J. Org. 
Chem. 1998, 63, 461. (c) Carrow, B. P.; Hartwig, J. F. J. Am. Chem. Soc. 2011, 133, 2116. (d) Amatore, C.; 
Jutand, A.; Le Duc, G. Chem. Eur. J. 2011, 17, 2492. (e) Amatore, C.; Jutand, A.; Le Duc, G. Chem. Eur. 
J. 2012, 18, 6616. (f) Amatore, C.; Jutand, A.; Le Duc, G. Chem. Eur. J. 2013, 19, 10082. (g) Schmidt, A. 
F.; Kurokhtina, A. A.; Larina, E. V. Russ. J. Gen. Chem. 2011, 81, 1573. (h) Schmidt, A. F.; Kurokhtina, 
A. A. Kinet. Catal. 2012, 53, 714. 
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this method could also be applied to enantioenriched dibenzylic neopentyl boronic esters 
to synthesize a variety of triarylmethanes without racemization.24  
 
Scheme 3.9. Crudden’s stereoretentive Suzuki-Miyaura cross-coupling 
 
 
 Molander has reported a stereoretentive cross-coupling with enantioenriched α-
benzyloxy trifluoroborate salts and aryl chlorides (Scheme 3.10).25 In the presence of 
“cataCXium” and the second generation Buchwald pre-catalyst (3.34), a similar retentive 
transmetalation occurs to give products in excellent levels of enantiospecificity. A 
proposed transition state (3.35) for this transmetalation is shown in Scheme 3.10b. Again, 
a closed shell transition is proposed where a hydroxide linkage between palladium and 
boron gives a four-membered transition state. 
 
 
 
 
 
 
                                                 
24 Matthew, S. C.; Glasspoole, B. W.; Eisenberger, P.; Crudden, C. M. J. Am. Chem. Soc. 2014, 136, 5828. 
25 Molander, G. A.; Wisniewski, S. R. J. Am. Chem. Soc. 2012, 134, 16856. 
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Scheme 3.10. Molander’s stereoretentive cross-coupling of alkyl potassium trifluoroborate 
salts 
 
 Ohmura and Suginome reported both a retentive and an invertive cross-coupling of 
α-amino boronic esters. By changing the reaction conditions, the mode of transmetalation 
could be changed and both products could be accessed (Scheme 3.11).26 In the presence of 
a zirconium Lewis acid, a typical closed oxygen-bridged four coordinate transition state 
(3.39) (Scheme 3.11b) is formed to furnish a net retentive cross-coupling (Scheme 3.11a). 
Without the presence of a Lewis acid, however, the carbonyl can donate into the empty 
orbital on boron which prevents coordination of the oxygen ligand to establish the four 
coordinate transition structure. In this case, an open sphere transmetalation (3.40) occurs 
which is invertive at carbon, due to the fact that no closed shell structure can be form with 
a pre-existing 4-coordinate boron species (Scheme 3.11d). This constitutes a net invertive 
cross-coupling (Scheme 3.11c). 
 
 
 
                                                 
26 (a) Ohmura, T.; Awano, T.; Suginome, M. J. Am. Chem. Soc. 2010, 132, 13191. (b) Awano, T.; Ohmura, 
T.; Suginome, M. J. Am. Chem. Soc. 2011, 133, 20738. 
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Scheme 3.11. Suginome’s retentive and invertive cross-coupling 
 
 
 This type of outer-sphere transmetalation with inversion at the carbon center has 
also been proposed by Molander27 and Biscoe28 in their cross-couplings of trifluoroborate 
salts (Scheme 3.12). In Molander’s cross-coupling (Scheme 3.12a), an intramolecular 
coordination between the β-carbonyl and the empty orbital on boron prevents the formation 
of a four-coordinate transition state. An outer sphere transmetalation occurs (Scheme 
3.12b). Interestingly, in Biscoe’s example there is no intramolecular coordination to 
prevent a four-coordinate closed shell transition state. The authors propose, however, that 
these potassium trifluoroborate salts remain as four-coordinate boron ate species where the 
ligands on boron are either fluorine or hydroxide (from the aqueous conditions). Due to the 
fact that boron remains four coordinate during the reaction, invertive transmetalation 
                                                 
27 Sandrock, D. L.; Jean-Gérard, L.; Chen, C.-y.; Dreher, S. D.; Molander, G. A. J. Am. Chem. Soc. 2010, 
132, 17108. 
28 Li, L.; Zhao, S.; Joshi-Pangu, A.; Diane, M.; Biscoe, M. R. J. Am. Chem. Soc. 2014, 136, 14027. 
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occurs instead of retentiove closed-shell transmetalation (Scheme 3.12d). Tri(tert-
butyl)phosphine bound palladium is used as a catalyst in this system which is generated 
from the Buchwald third generation precatalyst 3.46. 
 
Scheme 3.12. Molander and Biscoe’s invertive cross-couplings 
 
 
 In 2014, the Morken group reported the mono-cross-coupling of 1,2-bis(boronic 
esters).29 The primary boronic ester undergoes cross-coupling while the secondary boronic 
ester remains in the product. Through the use of a deuterium labeled substrate 3.48, it was 
determined that the cross-coupling proceeds with retention of configuration (Scheme 3.13). 
This is indicative of a retentive transmetalation that proceeds through a four-coordinate 
closed transition state.  
 
 
                                                 
29 Mlynarski, S. N.; Schuster, C. H.; Morken, J. P. Nature 2014, 505, 386. 
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Scheme 3.13. Morken’s cross-coupling of 1,2-bis(boronic ester) 
 
 
 3.2.3. Pd-Complex Catalyzed Cross-Coupling of Geminal Diborylalkanes. 
Enantioenriched asymmetrical 1,1-diborylalkanes can also be used in cross-coupling 
reactions. In 2013, Hall showed an enantioenriched α-B(dan) potassium trifluoroborate salt 
can be cross-coupled with inversion of configuration at carbon. Only the trifluoroborate 
couples, while the B(dan) moiety remains in the product  (Scheme 3.14).30 Similar to 
examples discussed above, intramolecular coordination between the β-carbonyl and the 
boron moiety is proposed to lead to an invertive transmetalation. 
 
Scheme 3.14. Hall’s stereoinvertive cross coupling of 1,1-diborylalkanes 
 
 
 In the same year as Hall’s report, the Yun group disclosed a stereoretentive 
variation of this cross-coupling where, without the presence of a β-carbonyl, the closed 
                                                 
30 Lee, J. C. H.; McDonald, R.; Hall, D. G. Nat. Chem. 2013, 3, 894. 
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shell transmetalation seems to be operative (Scheme 3.15).31 A lower enantiospecificity 
was observed, indicating perhaps a competitive outer sphere transmetalation also occurs 
via a pre-formed four-coordinate boron ate species. Despite the drop in selectivity, this was 
the first example of a non-directed stereospecific cross-coupling of an enantioenriched 1,1-
bis(boryl)alkane.  
 
Scheme 3.15. Yun’s stereoretentive cross coupling of a 1,1-bis(boryl)alkane 
 
 
Even though these stereospecific cross-couplings of 1,1-bis(boryl)alkanes offer 
access to valuable enantioenriched products, they require that an enantioenriched starting 
material first be synthesized, and give a product with a relatively inert B(dan) moiety that 
first must be unmasked into a more electrophilic boron species before subsequent 
transformation. A more appealing approach to access these useful products would be in a 
desymmetrization reaction, starting from an achiral starting materials that gives direct 
access to boronic esters. In 2010, Shibata and co-workers disclosed the palladium complex-
catalyzed cross-coupling of geminal bis(boronic esters) with aryl electrophiles (Scheme 
                                                 
31 Feng, X.; Jeon, H.; Yun, J. Angew. Chem. Int. Ed. 2013, 52, 3989. 
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3.16).32 The Hartwig group later used this reaction on benzylic bis(boronic esters) and 
showed it can be performed under anhydrous conditions using cesium fluoride as a base.33 
 
Scheme 3.16. Shibata’s cross-coupling of geminal bis(boronic esters) 
 
 
 The Shibata reaction proceeded under mild conditions at room temperature with 
hydroxide base. As shown above, due to the difficulty for the boronic ester to undergo 
transmetalation, most Suzuki-Miyaura cross-couplings of alkyl boronic esters typically 
require higher temperatures and more forcing conditions. Furthermore, undesired β-
hydride elimination of the post-transmetalation intermediate can occur with alkyl 
substrates and leads to diminished yield of the desired coupling product. The presence of 
an additional α-boronic ester moiety on the substrate seems to facilitate the transmetalation. 
Additionally, the resulting α-boryl alkyl palladium complex also seems less likely to 
undergo β-hydride elimination. Analyzing the products with 11B NMR, the authors find 
that indeed the geminal bis(boronic ester) is able to readily accept hydroxide and forms  
four-coordinate boron ate at room temperature; This behavior is unlike an unactivated alkyl 
boronic ester. Notably, 1,2-bis(boronic esters) and an α-silyl boronic esters do not as 
readily accept hydroxide and form a four-coordinate boron ate species at room temperature, 
                                                 
32 Endo, K.; Ohkubo, T.; Hirokami, M.; Shibata, T. J. Am. Chem. Soc. 2010, 132, 11033. 
33 Cho, S. H.; Hartwig, J. F.; Chem. Sci. 2014, 5, 694.  
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and therefore do not cross-couple under these conditions. DFT calculations using the 
B3LYP/6-31G** level of theory performed by the Shibata group show a large LUMO 
distribution is observed around the B-B moiety in the 1,1-bis(boronic ester) that is not 
present with either 1,2-bis(boronic esters), α-silyl boronic esters, or simple alkyl boronic 
esters. This large LUMO distribution allows for the addition of a hydroxide nucleophile 
under mild conditions to obtain a borate that is able to undergo transmetalation. 
Furthermore, the resulting α-boryl alkyl palladium species does not undergo β-hydride 
elimination. The intermediate alkyl palladium species is stabilized by the α-boryl moiety 
due to its ability to stabilize negative charge on the α-carbon. This stabilization could also 
facilitate the transmetalation under milder conditions. The net result of the fact that the 
bis(boronic ester) undergoes more facile reaction is that the products of the reaction are not 
able to undergo further cross-coupling as the conditions are too mild to activate the 
resulting alkyl boronic ester towards transmetalation. Consequently, the resulting product 
is stable under the reaction conditions. 
 Later, Wang and co-workers showed that mono-substituted alkenyl bromides can 
undergo a bis-coupling with geminal bis(boronic esters) to furnish dienes and cross-
coupling with alkenyl bis(bromides) can furnish allenes (Scheme 3.17).34 In Wang’s report, 
there was one example in which a β,β-disubstituted alkenyl bromide could be used in the 
reaction and the racemic allylic boronic ester resulting from a mono-coupling was isolated 
in 61% yield. 
 
                                                 
34 Li., H.; Zhang, Z; Shangguan, X.; Huang, S.; Chen, J.; Zhang, Y.; Wang, J. Angew. Chem. Int. Ed. 2014, 
53, 11921. 
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Scheme 3.17. Wang’s cross-coupling of 1,1-bis(boronic esters) and alkenyl halides 
 
 
 In 2014, the Morken group showed that the cross-coupling between geminal 
bis(boronic esters) and aryl halides can be rendered enantioselective through the use of 
palladium bound to chiral TADDOL-based phosphoramidite ligand 3.64 (Scheme 3.18).35 
Aryl bromides and iodides could be used in the reaction to furnish enantioenriched alkyl 
boronic esters. While an achiral bis(boronic ester) is the starting material in the reaction, 
the process can still occur by an inner (retentive at carbon) or outer-sphere (invertive at 
carbon) transmetalation. The transmetalation step of the reaction was determined to be 
stereoinvertive through the use of isotopically labeled bis(boronic ester). This method to 
access enantioenriched boronic-ester-containing products is particularly appealing because 
the starting material is an achiral geminal bis(boronic ester), which can be readily 
synthesized by a variety of potocols.36  
 
 
                                                 
35 Sun, C.; Potter, B.; Morken, J. P. J. Am. Chem. Soc. 2014, 136, 6534. 
36 (a) Matteson, D. S.; Moody, R. J. Organometallics, 1982, 1, 20. (b) Endo, K.; Hirokami, M.; Shibata, T. 
Synlett, 2009, 1331. (c) Ito, H.; Kubota, K. Org. Lett. 2012, 14, 890. (d) Li, H.; Wang, L.; Zhang, Y.; 
Wang, J. Angew. Chem. Int. Ed. 2012, 51, 2943. (e) Li, H; Shangguan, X.; Zhang, Z.; Huang, S.; Zhang, 
Y.; Wang, J. Org. Lett. 2014, 16, 448. (f) Hong, K.; Liu, X.; Morken, J. P. J. Am. Chem. Soc. 2014, 136, 
10581. (g) Wommack, A. J.; Kingsbury, J. S. Tetrahedron Lett. 2014, 55, 3163. 
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Scheme 3.18. Morken’s enantioselective cross-coupling of geminal bis(boronic esters) 
 
 
 3.2.4. Proposal for the Cross-Coupling of Geminal bis(Boronic Esters) with 
Alkenyl  Halides. With the ability to render the palladium complex-catalyzed 
desymmetrization reaction of bis(boronic esters) enantioselective, we thought to expand 
the method to include alkenyl electrophiles (3.66) (Scheme 3.19). The products of this 
reaction now are allylic boronic esters (3.67), which as shown above, are incredibly useful 
reagents for organic synthesis. Furthermore, catalytic methods to synthesize 
enantioenriched allylic boronic esters are limited, particularly when substitution on the 
alkene is needed. Because the oxidative addition and reductive elimination steps in the 
Suzuki-Miyaura cross-coupling are stereoretentive, the alkene geometry of the starting 
alkenyl bromide should be maintained in the reaction and should give products with 
defined olefin geometries. Applying this method to the synthesis of enantioenriched allylic 
boronic esters complements the currently available methods. 
 
Scheme 3.19. Proposed cross-coupling 
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3.3 Development of Cross-Coupling37 
 3.3.1. Ligand Investigation. Initial investigations by co-worker Bowman Potter 
began with β,β-disubstituted alkenyl bromide 3.68 and for ligands, employed a variety of 
mono and bidentate phosphine ligands (Scheme 3.20). The most abundant undesired side-
product observed in the reaction was a bis-coupling product in which the resulting allylic 
boronic ester engages in a second cross-coupling with the electrophile giving 3.70. This 
cross-coupling can occur at either the α- or γ- positions of the allyl fragment to give two 
regioisomers of bis-coupling product. Interestingly, the TADDOL-derived 
phosphoramidite ligand (3.64) that was used in the aryl cross coupling, was found to be 
inefficient in the alkenyl cross-coupling and did not give any coupling product at all. While 
a variety of chiral mono and bidentate phosphine ligands were investigated including 
WalPhos (3.72), tol-BINAP (3.73), and QuinoxP* (3.9), only the JosiPhos class of ligands 
(3.74 – 3.77) offered appreciable levels of the desired product.  
 
 
 
 
 
 
 
 
                                                 
37 This work was done in collaboration with Morken group co-workers Bowman Potter and Adam 
Szymaniak. See: (a) Potter, B.; Szymaniak, A. A.; Edelstein, E. K.; Morken, J. P. J. Am. Chem. Soc. 2014, 
136, 17918. (b) Szymaniak, A. A. Ph. D. Thesis, Boston College, Chestnut Hill, MA, 2018. 
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Scheme 3.20. Ligand Investigationa 
 
 
 We then turned our focus to this class of ligands and after exhausting the 
commercially available JosiPhos sources, we turned to the synthesis of other JosiPhos 
ligands in an attempt to further increase the yield and enantioselectivity of the reaction.38 
A summary of both the commercially available ligands used and the ones that were 
synthesized is shown in Table 3.1. As Table 3.1 shows, ligands with alkyl substitution on 
the phosphine attached to the ferrocene ring (R2) were found to give the products in higher 
                                                 
38 (a) Gokel, G. W.; Ugi, I. K. J. Chem. Ed. 1972, 49, 294. (b) Mejía, E.; Aardoom, R.; Togni, A. Eur. J. 
Inorg. Chem. 2012, 136, 6534. 
458 
yield than when aryl groups were at that position (see Table 3.1 entries 2 and 3 vs. entries 
1 and 5). tert-Butyl groups instead of cyclohexyl groups at this position gave the product 
in similar yield but with higher levels of enantioselectivity (Table 3 entries 2 and 3). With 
a tert-butyl group at this position the identity of the other substituted phosphine was 
investigated. It was found that the presence of trifluoromethyl groups increased the yield 
of the reaction without giving any bis-coupled product. The optimal ligand was determined 
to be 3.95 (Table 3.1 entry 22) with para-trifluoromethyl substitution which gave both 
good yield and enantioselectivity of the desired product. From this ligand, an air stable 
palladium dichloride complex 3.95PdCl2 (which could be characterized from the crystal 
structure) was synthesized (Figure 3.1). 
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Table 3.1. JosiPhos Ligand Investigationa 
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Figure 3.1. Crystal Structure of 3.95PdCl2 
 
  
 When the palladium complex 3.95PdCl2 was used at 1% loading, the resulting 
allylic boronic ester could be isolated in 86% yield and 93:7 er. Changes in solvent, 
temperature, and reaction time did not lead to a significant increase in the yield or 
selectivity of the reaction, so with these conditions, the scope of the reaction was explored. 
 
3.4. Scope and Utility 
 3.4.1. Scope. Using the palladium ligand complex shown above the scope of the 
reaction was explored (Scheme 3.21). The allylic boronic esters were stable and able to be 
purified on silica gel. A variety of β,β-disubstituted alkenyl bromides were efficient in the 
reaction. Protected alcohols (3.101), alkyl bromides (3.102), aryl chlorides (3.109), and 
amides (3.110) were stable under the reaction conditions and could be incorporated into 
substrates. While β,β-disubstituted alkenyl bromides reacted efficiently in the reaction, the 
461 
only monosubstituted alkenyl bromide that gave appreciable levels of desired product was 
the one containing a bulky tert-butyl group to give 3.108.  
 
Scheme 3.21. Substrate Scopea 
 
  
 3.4.2. Unsuccessful Couplings. Monosubstituted alkenyl bromides such as vinyl 
(3.111), as well as cis-, trans-, and 2-propenyl (3.58, 3.112, and 3.113) bromide all gave 
the bis-coupling product exclusively (Scheme 3.21). Styrenyl bromides also gave the bis-
coupling product even with β,β-disubstitution (3.114 and 3.115). As these observations 
suggest, the resulting allylic boronic ester that forms upon mono-coupling of these 
substrates is more susceptible to cross coupling than the geminal bis(boronic ester). This 
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gives exclusively the bis-coupling product even when an excess of the geminal bis(boronic 
ester) is used. The cross-coupling of allylic boronic esters will be discussed in Chapter 4. 
 
Scheme 3.22. Alkenyl bromides that gave bis-coupling 
 
 
  3.4.3. Utility. As highlighted above, enantioenriched allylic boronic esters 
are useful reagents in organic synthesis due to their ability to participate in stereospecific 
functionalizations. Several of these further functionalizations are highlighted in Scheme 
3.23. The enantioenriched product can be oxidized to furnish allylic alcohol 3.77, undergo 
allylation39 with benzaldehyde to furnish homoallylic alcohol 3.78 with a quaternary 
stereocenter, and can undergo oxidation with nitrosobenzene40 to furnish tertiary allylic 
alcohol 3.79 all without erosion of the enantioselectivity. Further stereospecific 
transformations of enantioenriched allylic boronic esters will be discussed in Chapter 4. 
 
 
 
 
                                                 
39 For allylic borylation to generate all- carbon quaternary stereocenters see: (a) Kennedy, J. W. J.; Hall, D. 
G. J. Org. Chem. 2004, 69, 4412. (b) Sato, M.; Yamamoto, Y.; Hara, S.; Suzuki, A. Tetrahedron Lett. 
1993, 34, 7071. For generation of quaternary centers by catalytic allylic silylation see: (c) Denmark, S. E.; 
Fu, J. J. Am. Chem. Soc. 2001, 123, 9488. (d) Denmark, S. E.; Fu, J. Org Lett. 2002, 4, 1951. (e) 
Kacprzynski, M. A.; May, T. L.; Kazane, S. A.; Hoveyda, A. H. Angew. Chem. Int. Ed. 2007, 46, 4554. For 
a recent review of the construction of acyclic all-carbon stereocenters see: (e) Marek, I.; Minko, Y.; Pasco, 
M.; Mejuch, T.; Gilboa, N.; Chechik, H.; Das, J. P. J. Am. Chem. Soc. 2014, 136, 2682.  
40 Kyne, R. E.; Ryan, M. C.; Kliman, L. T.; Morken, J. P. Org. Lett. 2010, 12, 3796. 
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Scheme 3.23. Further Functionalizations of Allylic Boronic Estersa 
 
 
3.5. Mechanistic Insights 
 3.5.1. Invertive vs. Retentive at Carbon Transmetalation. As discussed above, the 
transmetalation of an alkyl boronic ester can occur either with retention or inversion of 
stereochemistry. We were interested in determining which was operative in this 
mechanism. In the Morken group’s earlier report (Scheme 3.18) using a monodentate 
phosphoramidite ligand with aryl electrophiles, an invertive transmetalation at the carbon 
center occurred.41 Because in this system a bidentate ligand is used instead, a different 
transmetalation path may be operative. To determine whether the transmetalation is 
retentive or invertive at the carbon center, an isotopically chiral enantioenriched diboron 
reagent (3.120) was synthesized and subjected to the reaction conditions by co-worker 
Bowman Potter with both enantiomers of the ligand. The mass spectra of the products were 
then analyzed to determine which boron isotope was incorporated into the product (see 
                                                 
41 See ref. 35. 
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experimental). The potential outcomes for the reaction are shown in Scheme 3.24. When 
3.95PdCl2 is used in the reaction, the S-enantiomer of product is obtained (3.100). When 
the isotopically labeled bis(boronic ester) 3.120 is engaged in the reaction there are two 
possible outcomes of the reaction. If the transmetalation occurs with retention of 
configuration, 3.100 without any 10B incorporation should be isolated. If inversion occurs 
the same enantiomer will be isolated except labeled boron should be incorporated to give 
10B-3.100. When the other enantiomer of catalyst complex is used (ent-3.95PdCl2) the R 
enantiomer of product is obtained (ent-3.100). If retention occurs with this catalyst the 
product isolated should contain the labeled boron species and give ent-10B-3.100. If 
inversion occurs there should be no labeled boron in the product and ent-3.100 should be 
isolated. 
 
Scheme 3.24. Possible outcomes of mass spec analysis 
 
 
 The reaction was run with 3.120 and both enantiomers of 3.95PdCl2 and the 
products were analyzed by mass spec (Scheme 3.25). When 3.95PdCl2 was used in the 
reaction, the product with 10B (10B-3.100) was isolated. When ent-3.95PdCl2 was used, the 
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product without 10B (ent-3.100) was isolated. This determination was done by comparing 
the mass spec profiles of the isolated compounds to the calculated profiles of both 3.100 
and 10B-3.100 (see experimental). Both results are consistent with transmetalation that 
occurs with inversion at the carbon center which is indicative of an outer sphere process. 
 
Scheme 3.25. Results of the mass spec analysisa 
 
 
 3.5.2. Catalytic Cycle. Considering the mechanistic understanding we have of the 
reaction, we propose the following catalytic cycle (Scheme 3.26). Oxidative addition of 
alkenyl bromide to Pd(0) intermediate 2.121 gives Pd(II) adduct 2.122. A 
stereodetermining, invertive at carbon transmetalation occurs to give the α-boryl Pd(II) 
intermediate 2.123 which upon a stereoretentive reductive elimination furnishes the 
product 2.124. 
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Scheme 3.26. Proposed Catalytic Cycle 
 
 
3.6. Conclusion 
 A desymmetrization reaction of 1,1-bis(boronic esters) was described which gave 
access to enantioenriched high value allylic boronic esters. The scope of the reaction and 
details into the mechanistic understanding of the transmetalation step of the reaction were 
explored. The metal catalyzed desymmetrization approach to give synthetically useful 
enantioenriched products can be thought to be applied to a wide variety of chemical 
transformations, and is of ongoing research.   
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 3.7 Experimental 
 3.7.1. General Information. 1H NMR spectra were recorded on either a Varian 
Gemini-500 (500 MHz), Varian Inova-500 (500 MHz), or Varian Gemini-600 (600 MHz) 
spectrometer. Chemical shifts are reported in ppm with the solvent resonance as the internal 
standard (CHCl3: 7.26 ppm). Data are reported as follows: chemical shift, integration, 
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, p = pentet, m = multiplet), and 
coupling constants (Hz). 13C NMR spectra were recorded on either a Varian Gemini-500 
(125 MHz), or Varian Gemini-600 (150 MHz) spectrometer with complete proton 
decoupling. Chemical shifts are reported in ppm with the solvent resonance as the internal 
standard (CDCl3: 77.16 ppm). 31P NMR spectra were recorded on a Varian Gemini-500 
(202 MHz), or Varian Gemini-600 (240 MHz) spectrometer. Chemical shifts are reported 
in ppm using phosphoric acid as the external standard (H3PO4: 0.0 ppm). 11B NMR spectra 
were recorded on a Varian Gemini-500 (128 MHz) spectrometer. 19F NMR spectra were 
recorded on a Varian Gemini-500 (470 MHz) spectrometer. Infrared (IR) spectra were 
recorded on a Bruker alpha-P Spectrometer. Frequencies are reported in wavenumbers (cm-
1) as follows: strong (s), broad (br), medium (m), and weak (w). Optical rotations were 
measured on a Rudolph Analytical Research Autopol IV Polarimeter. High-resolution 
mass spectrometry (ESI+) was performed at the Mass Spectrometry Facility, Boston 
College, Chestnut Hill, MA.  
Liquid chromatography was performed using forced flow (flash chromatography) 
on silica gel (SiO2, 230 x 450 Mesh) purchased from Silicycle. Thin layer chromatography 
(TLC) was performed on 25 μm silica gel glass backed plates from Silicycle. Visualization 
was performed using ultraviolet light (254 nm) and ceric ammonium molybdate (CAM) in 
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ethanol. Analytical chiral supercritical fluid chromatography (SFC) was performed on a 
TharSFC Method Station II equipped with Waters 2998 Photodiode Array Detector with 
isopropanol or methanol as the modifier.  
All reactions were conducted in oven- or flame-dried glassware under an inert 
atmosphere of nitrogen or argon. Tetrahydrofuran (THF), diethyl ether (Et2O), 
dichloromethane (CH2Cl2), and toluene were purified using Pure Solv MD-4 solvent 
purification system, from Innovative Technology, Inc., by passing the solvent through two 
activated alumina columns after purging with argon. Hexane was purified using a Glass 
Contour solvent purification system custom manufactured by SG Waters, LLC (Nashua, 
NH). Bis(pinacolato)diboron was generously donated by Allychem Co., Ltd. and used 
without further purification. Palladium (II) acetate, bis(acetonitrile)dichloropalladium (II), 
di-tert-butylchlorophosphine, 3.78, and 3.75 were purchased from Strem Chemicals, Inc. 
and used without further purification. Lithium 2,2,6,6-tetramethylpiperidide (LTMP), 
bis(4-trifluoromethlphenyl)phosphine, 3.76, and 3.77 were purchased from Aldrich and 
used without purification. 1-Bromo-2-methylprop-1-ene was purchased from Combi-
Blocks and used without further purification. All other reagents were purchased from either 
Aldrich, Alfa Aesar or Acros and used without further purification. 3.64 was prepared 
according to a literature procedure.42 
 
  
                                                 
42 Sun, C.; Potter, B.; Morken, J. P. J. Am. Chem. Soc. 2014, 136, 6534. 
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3.7.2. Experimental Information. 
3.7.2.1. Ligand Synthesis and Characterization. 
 
 
 
Dimethyl{(S)-1-[(R)-2-(ditertbutylphosphanyl)ferrocenyl]ethyl} 
amine (3.126). Prepared according to a literature precedent with slight 
modification.43 To a 100-mL round-bottom flask equipped with a magnetic stir bar and 
reflux condenser was added (S)-Ugi’s amine44 (3.125) (1.32 g, 5.12 mmol). The amine was 
azeotroped with benzene (3 x 100 μL) and placed under N2. Et2O (33 mL) was added and 
the mixture was allowed to cool to -78 °C. tBuLi (3.60 mL, 6.14 mmol, 1.7M in pentanes) 
was cautiously added dropwise. The mixture was allowed to stir at -78 °C for 30 minutes 
and then allowed to warm to temperature and left to stir for 1 hour. The mixture was 
allowed to cool to -78 °C and di-tert-butylchlorophosphine (1.07 mL, 5.60 mmol) was 
added as a solution in Et2O (1 mL) via syringe. The mixture was allowed to stir at -78 °C 
                                                 
43 Mejía, E.; Aardoom, R.; Togni, A. Eur. J. Inorg. Chem. 2012, 5021. 
44 Gokel, G. W.; Ugi, I. K. J. Chem. Ed. 1972, 49, 294. 
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for 5 minutes before it was allowed to warm to room temperature. After being left to stir 
for 18 hours, the mixture was quenched with a saturated solution of Na2CO3 (10 mL). The 
mixture was poured into a separatory funnel with Et2O (30 mL). The layers were separated 
and the organic layer was successively washed with H2O (20 mL) and brine (20 mL). The 
organic layer was dried over Na2SO4(s), filtered and concentrated in vacuo. The crude 
material was purified by silica gel chromatography (5% ethyl acetate/hexanes to 30% ethyl 
acetate/hexanes) to afford the title compound as red solid (1.36 g, 66% yield), which was 
stored in an Ar-filled drybox. Rf = 0.05 in 50% ethyl acetate/hexanes on TLC.  1H NMR 
(500 MHz, CDCl3) δ  4.54 (s, 1H), 4.38 (t, J = 2.0 Hz, 1H), 4.26 (s, 1H), 4.16 (s, 5H), 3.60 
(dq, J = 10.0, 6.0 Hz, 1H), 2.19 (s, 6H), 1.50 (d, J = 12.0 Hz, 9H), 1.46 (d, J = 7.0 Hz, 3H), 
0.92 (d, J = 11.5 Hz). 13C NMR (150 MHz, CDCl3) δ 101.60 (d, J = 25.5 Hz), 77.21, 72.25 
(d, J = 5.7 Hz), 70.09, 68.39 (d, J = 4.5 Hz), 68.20, 56.75 (d, J = 12.7 Hz), 41.91, 33.26 (d, 
J = 20.8 Hz), 31.84 (d, J = 18.5 Hz), 30.87 (d, J = 15.1 Hz), 30.39 (d, J = 13.9 Hz), 16.85. 
31P NMR (202 MHz, CDCl3) δ 14.21. IR (neat) νmax  3097 (w), 2970 (m), 2940 (m), 2888 
(m), 2857 (s), 2813 (m), 2769 (m), 1473 (m), 1455 (s), 1384 (w), 1359 (s), 1262 (w), 1240 
(w), 1194 (w), 1176 (w), 1154 (s), 1109 (s), 1089 (s), 1061 (m), 1041 (s), 1002 (s), 929 (s), 
817 (s) cm-1.  HRMS (ESI+) calc. for C22H37FeNP [M+H]+  402.2013, found 402.2008. 
[α]20D +260.2 (c = 0.722, CHCl3, l = 50 mm). Melting point 47-51 °C. 
  
 (S)-1-[(R)-2-(Ditertbutylphosphanyl)ferrocenyl]ethyldi[4-(trif-
luoro-methyl)phenyl]phosphine (3.95). Prepared according to a 
literature precedent with slight modification.43 In an Ar-filled drybox, an oven-dried 2-
dram vial with magnetic stir bar was charged with 3.126 (330 mg, 0.82 mmol). The vial 
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was sealed with a rubber septum and removed from the glove box. Freshly degassed (via 
constant bubbling with N2 for one hour prior to use) glacial AcOH (500 μL) was added 
under an atmosphere of N2. The mixture was allowed to stir and bis(4-
trifluoromethlphenyl)phosphine (278 mg, 0.86 mmol) was added in a solution of glacial 
AcOH (500 μL) via syringe. The mixture was heated to 80 °C for 18 hours. The mixture 
was allowed to cool to room temperature and the solvent removed in vacuo. The mixture 
was diluted with CH2Cl2 (30 mL) and poured into a separatory funnel containing a 
saturated solution of Na2CO3 (15 mL). The layers were separated and the organic layer was 
successively washed with H2O (20 mL) and brine (20 mL). The organic layer was dried 
over Na2SO4(s), filtered and concentrated in vacuo. The crude material was purified by 
silica gel chromatography (hexanes to 3% ethyl acetate/hexanes) to afford the title 
compound as red solid (306.2 mg, 55% yield, 95% purity), which was stored in an Ar-filled 
drybox. Rf = 0.5 in 10% ethyl acetate/hexanes on TLC.  1H NMR (600 MHz, CDCl3) δ  
7.58-7.46 (m, 8H), 4.34 (m, 2H), 4.18 (s, 5H), 4.10 (s, minor conformer), 4.00 (s, 1H), 3.91 
(s, minor conformer), 3.62 (m, 1H), 1.53 (d, J = 12.0 Hz, 9H), 1.44 (t, J = 7.8 Hz, 3H), 1.04 
(d, J = 10.8 Hz, 9H). 13C NMR (150 MHz, CDCl3) δ 143.50 (d, J = 22.0 Hz), 141.06 (d, J 
= 23.2 Hz), 136.07 (d, J = 20.8 Hz), 132.25 (d, J = 15.1 Hz), 131.52 (q, J = 32.4 Hz), 
129.85 (q, J = 32.4 Hz), 125.03 (m), 124.85 (m), 98.87 (dd, J = 27.7, 18.4 Hz), 77.87 (dd, 
J = 36.9, 3.5 Hz), 72.67 (d, J = 5.9 Hz), 70.31, 68.85 (dd, J = 11.6, 4.7 Hz), 68.49, 33.46 
(d, J = 20.8 Hz), 32.15 (d, J = 19.6 Hz), 31.03 (dd, J = 13.9, 2.4 Hz), 30.70 (d, J = 13.9 
Hz), 29.38 (dd, J = 17.3, 12.7 Hz), 20.34 (dd, J = 4.7 Hz). 31P NMR (242 MHz, CDCl3) δ 
13.13 (d, J = 17.5 Hz), -0.32 (d, J = 16.3 Hz). 19F NMR (470 MHz, CDCl3) δ -62.76, -
62.82. IR (neat) νmax  3092 (w), 2971 (w), 2942 (w), 2891 (w), 2861 (w), 1606 (m), 1395 
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(m), 1321 (s), 1164 (m), 1125 (s), 1107 (m), 1059 (s), 1015 (m), 908 (w), 826 (s), 733 (m), 
699 (m) cm-1.  HRMS (ESI+) calc. for C34H39F6FeP2 [M+H]+  679.1781, found 679.1779. 
[α]20D +75.4 (c = 0.740, CHCl3, l = 50 mm). Melting point 156-163 °C (decomposition). 
 
3.95PdCl2. In an Ar-filled glove box, an oven-dried 100-mL round 
bottom flask with magnetic stir bar was charged with (MeCN)2PdCl2 
(290 mg, 1.12 mmol) and 3.95 (758 mg, 1.12 mmol). The flask was 
removed from the drybox. Toluene (60 mL) was added and the mixture was heated to 70 
oC for 3 hours under N2. The reaction was allowed to cool to room temperature and the 
solvent was removed in vacuo. CH2Cl2 (10 mL) was added and the solution was filtered 
through a plug of Celite. The solvent was removed in vacuo and the solid washed with 
Et2O (3 x 4 mL). The red solid was dried under vacuum for 12 hours to afford the title 
compound as red solid (921 mg, 96% yield), which was stored under air in a dessicator. 1H 
NMR (600 MHz, CDCl3) δ  8.26 (t, J = 9.0 Hz, 2H), 7.79 (dd, J = 11.4, 7.8 Hz, 2H), 7.67 
(d, J = 7.2 Hz, 2H), 7.60 (d, J = 6.6 Hz, 2H), 4.99 (s, 1H), 4.73 (m, 2H), 4.23 (s, 5H), 3.61 
(dq, J = 14.4, 7.2 Hz, 1H), 2.10 (d, J = 15.6 Hz, 9H), 1.39 (dd, J = 13.8, 7.2 Hz, 3H), 1.10 
(d, J = 14.4 Hz, 9H). 31P NMR (242 MHz, CDCl3) δ 53.75 (d, J = 4.6 Hz), 43.91 (d, J = 
4.6 Hz). 19F NMR (470 MHz, CDCl3) δ -63.04, -63.37. IR (neat) νmax  3080 (w), 2960 (w), 
2898 (w), 2870 (w) 1608 (w), 1458 (w), 1396 (m), 1321 (s), 1281 (w), 1168 (m), 1128 (s), 
1061 (s), 1015 (m), 909 (m), 830 (m), 729 (m) cm-1.  HRMS (ESI+) calc. for 
C34H38ClF6FeP2Pd [M-Cl]+  819.0426, found 819.0432. [α]20D -401.3 (c = 1.03, CHCl3, l = 
50 mm). Melting point 204-219 °C (decomposition). 
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3.7.2.2. Ligand Optimization. JosiPhos ligands were either purchased according to 
the general information or prepared according to the procedures above (Section 3.6.2). The 
reactions were performed according to the following procedure. 
 
Method A. An oven-dried 2-dram vial with magnetic stir bar was charged with 
ligand (0.0055 mmol) and geminal bis(boronate) 3.57 (74.0 mg, 0.20 mmol) in an Ar-filled 
drybox. The vial was sealed with rubber septum and removed from the drybox. Pd(OAc)2 
in dioxane (500 μL, 0.005 mmol, 0.01M) was added via syringe and the mixture was 
allowed to stir at room temperature under N2 for 1 hour. Then, 1-bromo-2-methylprop-1-
ene (3.68) (10.2 μL, 0.10 mmol) and 8M KOH(aq)45  (56 μL, 0.45 mmol) were added 
sequentially via syringe. The reaction was left to stir under an atmosphere of N2 at room 
temperature for 18 hours. The reaction was diluted with Et2O (2 mL) and filtered through 
a plug of Celite with additional Et2O (5 mL). The filtrate was concentrated in vacuo. 
1,1,2,2-Tetrachloroethane was added as an internal standard (~10 mg) and yield was 
determined by 1H-NMR analysis. THF (3 mL) was added to a scintillation vial containing 
the crude filtrate and equipped with a stir bar. The vial was sealed with a septum and an 
exit needle inserted. The reaction was allowed to cool to 0 °C, and H2O2 (500 μL, 30 wt% 
in H2O) and 3M NaOH (500 μL) were added sequentially via syringe. The reaction was 
warmed to room temperature and left to stir for no less than 3 hours. The reaction was re-
cooled to 0 °C and quenched with a saturated solution of Na2S2O3 (200 μL). The reaction 
was warmed to room temperature, diluted with Et2O (3 mL), and then filtered through a 
                                                 
45 KOH(aq.) was sparged with N2 for 30 min at room temperature before use. 
474 
plug of silica gel with additional Et2O (5 mL). The solvent was removed in vacuo and the 
crude mixture was purified by silica gel chromatography (10% ethyl acetate/hexanes) to 
afford the secondary allylic alcohol. The enantiomeric excess was determined by chiral 
SFC analysis (for full characterization see below). 
 
 3.7.2.3. Synthesis and Characterization of Geminal bis(Boronates). 
Geminal bis(boronates) were prepared according to literature procedures.1,46  
 
 
Method B.  Prepared according to a literature precedent with slight modification.47 
In an Ar-filled drybox, an oven-dried 50-mL round bottom flask with magnetic stir bar was 
charged with lithium 2,2,6,6-tetramethylpiperidide (440 mg, 3.0 mmol). The flask was 
sealed with a rubber septum, removed from the drybox. THF (10 mL) was added and the 
reaction was allowed to cool to 0 °C. A solution of bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)methane42,46 (3.127) (804 mg, 3.0 mmol) in THF (5 mL) was added via 
syringe and the mixture was allowed to stir at 0 °C for 5 minutes. Then a solution of the 
corresponding alkyl bromide (3.3 mmol) in THF (5 mL) was added. The reaction mixture 
was allowed to warm to room temperature and stir for 2 hours. The reaction was diluted 
with Et2O (10 mL) and filtered through Celite with Et2O (10 mL). The solvent was removed 
in vacuo and the crude mixture was purified by silica gel chromatography.  
                                                 
46 Hong, K.; Liu, X.; Morken, J.P. J. Am. Chem. Soc. 2014, 136, 10581. 
47 Matteson, D. S.; Moody, R. J. Organometallics, 1982, 1, 20. 
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2,2'-(4-Phenylpentane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolane) (3.127).  Prepared according to Method B with (4-
bromobutyl)benzene48 as the electrophile. The crude mixture was purified by silica gel 
chromatography (5% ethyl acetate/hexanes, stain in CAM) to afford the title compound as 
white solid (43%). Rf = 0.5 in 10% ethyl acetate/hexanes on TLC. 1H NMR (500 MHz, 
CDCl3) δ 7.27-7.21 (m, 2H), 7.18-7.12 (m, 3H), 2.59 (t, J = 7.0 Hz, 2H), 1.59 (m, 4H), 
1.32 (m, 2H), 1.22 (s, 12H), 1.20 (s, 12H), 0.72 (t, J = 7.5 Hz, 1H). 13C NMR (125 MHz, 
CDCl3) δ 1.43.13, 128.59, 128.27, 125.56, 83.03, 35.94, 32.26, 31.50, 25.70, 24.96, 24.66. 
11B NMR (160 MHz, CDCl3) δ 33.85. IR (neat) νmax 3085 (w), 3061 (w), 3026 (w), 2976 
(s), 2928 (m), 2856 (m), 1584 (w), 1454 (m), 1354 (s), 1308 (s), 1265 (s), 1214 (m), 1137 
(s), 969 (s), 849 (s), 745 (m), 698 (s) cm-1. HRMS (ESI+) calc. for C23H39B2O4 [M+H]+  
401.3034, found 401.3014. Melting point 41-42 °C. 
 
 2,2'-(5-Bromopentane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-diox-
aborolane) (3.128). Prepared according to Method B with 1,4-
dibromobutane as the electrophile. The crude mixture was purified by silica gel 
chromatography (5% ethyl acetate/hexanes, stain in CAM) to afford the title compound as 
white solid (52%).  Rf = 0.5 in 10% ethyl acetate/hexanes on TLC. 1H NMR (500 MHz, 
CDCl3) δ 3.39 (t, J = 7.0 Hz, 2H), 1.84 (p, J = 7.0 Hz, 2H), 1.57 (q, J = 8.0 Hz, 2H), 1.42 
(m, 2H), 1.23 (s, 12H), 1.22 (s, 12H), 0.72 (t, J = 8.0 Hz, 1H). 13C NMR (125 MHz, CDCl3) 
δ 83.13, 34.21, 33.03, 31.08, 25.01, 24.99, 24.66. 11B NMR (160 MHz, CDCl3) δ 33.81. 
                                                 
48 Hardouin, C.; Kelso, M. J.; Romero, F. A.; Rayl, T. J.; Leung, D.; Hwang, I.; Cravatt, B. F.; Boger, D. L. 
J. of Med. Chem., 2007, 50,  3359. 
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IR (neat) νmax 2976 (s), 2930 (m), 2861 (w), 1459 (w), 1354 (s), 1306 (s), 1245 (s), 1213 
(m), 1164 (s), 1004 (w), 968 (s), 905 (w), 849 (s), 734 (w)  cm-1. HRMS (ESI+) calc. for 
C17H37B2BrNO4 [M+NH4]+  420.2092, found 402.2100. Melting point 48-50 °C. 
 
 2,2'-(3-(2-Chlorophenyl)propane-1,1-diyl)bis(4,4,5,5-tetramethyl-
1,3,2-dioxaborolane) (3.129). Prepared according to Method B 
with 2-chlorophenethylbromide as the electrophile. The crude mixture was purified by 
silica gel chromatography (10% ethyl acetate/hexanes, stain in CAM) to afford the title 
compound as white solid (75%). Rf = 0.3 in 10% ethyl acetate/hexanes on TLC. 1H NMR 
(500 MHz, CDCl3) δ 7.29 (dd, J = 7.5, 1.5 Hz, 1H), 7.22 (dd, J = 8.0, 2.0 Hz, 1H), 7.14 (dt, 
J = 7.0, 1.5 Hz, 1H), 7.08 (dt, J = 8.0, 2.0 Hz, 1H), 2.73-2.79 (m, 2H), 1.87 – 1.82 (m, 2H), 
1.24 (s, 12H), 1.23 (s, 12H), 0.83 (t, J = 8.0 Hz, 1H). 13C NMR (125 MHz, CDCl3) δ 
140.54, 134.01, 130.71, 129.35, 127.07, 126.64, 83.15, 36.18, 26.25, 25.05, 24.65. 11B 
NMR (160 MHz, CDCl3) δ 33.82. IR (neat) νmax 2977 (w), 2929 (w), 2865 (w), 1474 (w), 
1356 (m), 1310 (s), 1258 (m), 1215 (s), 1137 (s), 1105 (w), 970 (m), 846 (m), 755 (m), 679 
(w) cm-1. HRMS (ESI+) calc. for C21H34B2ClO4 [M+H]+  407.2332, found 407.2340. 
Melting point 87-90 °C. 
 
 
 
 
477 
 
 
N,N-Dibenzyl-6-bromohexanamide (3.131). To an oven-dried, 
100-mL round-bottom flask equipped with a magnetic stir bar under 
an atmosphere of N2, was added CH2Cl2 (18 mL), triethylamine (1.2 mL, 8.4 mmol) and 
dibenzylamine (1.6 mL, 8.4 mmol) via syringe. The reaction was left to stir and allowed to 
cool to 0 °C. 6-Bromohexanoyl chloride (3.130) (1.1 mL, 7.0 mmol) was added dropwise 
via syringe over a period of 10 minutes. The reaction was warmed to room temperature 
and left to stir for 4 hours under N2. The reaction was quenched by addition of H2O (4 mL) 
and poured into a separatory funnel containing 3M NaOH (15 mL). The layers were 
separated and the aqueous layer was extracted with CH2Cl2 (2 x 15 mL). The organic layers 
were combined, dried over Na2SO4(s), filtered, and concentrated in vacuo. The crude 
mixture was purified by silica gel chromatography (25% ethyl acetate/hexanes, stain in 
CAM) to afford the title compound as yellow oil (2.3g, 88%).  Rf = 0.2 in 20% ethyl 
acetate/hexanes on TLC.  
 
N,N-Dibenzyl-7,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborola-
n-2-yl)heptanamide (3.132). Prepared according to Method B 
with N,N-dibenzyl-6-bromohexanamide (3.131) as the electrophile. The crude mixture was 
purified by silica gel chromatography (25% ethyl acetate/hexanes, stain in CAM) to afford 
the title compound as yellow oil (55%).  Rf = 0.2 in 20% ethyl acetate/hexanes on TLC. 1H 
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NMR (500 MHz, CDCl3) δ 7.39-7.24 (m, 8H), 7.20 (d, J = 7.5 Hz, 2H), 7.14 (d, J = 7.0 
Hz, 2H), 4.59 (s, 2H), 4.43 (s, 2H), 2.39 (t, J = 8.0 Hz, 2H), 1.70 (p, J = 7.5 Hz, 2H), 1.53 
(q, J = 7.0 Hz, 2H), 1.35-1.22 (m, 4H), 1.21 (s, 6H), 1.20 (s, 6H), 0.69 (t, J = 7.5 Hz, 1H). 
13C NMR (125 MHz, CDCl3) δ 173.87, 137.68, 136.77, 129.00, 128.64, 128.35, 127.63, 
127.37, 126.49, 82.95, 49.99, 48.06, 33.47, 32.40, 29.63, 25.66, 25.57, 24.94, 24.60. 11B 
NMR (160 MHz, CDCl3) δ 33.71. IR (neat) νmax 3029 (w), 2978 (m), 2929 (w), 2858 (w), 
1641 (m), 1452 (m), 1358 (m), 1311 (s), 1267 (m), 1213 (m), 1137 (s), 969 (m), 908 (s), 
849 (m), 726 (s), 698 (m) cm-1. HRMS (ESI+) calc. for C33H50B2NO5 [M+H]+  562.3875, 
found 562.3861.  
 
  3.7.2.4. Synthesis and Characterization of Alkenyl Bromides. Alkenyl 
Bromides were synthesized according to the following procedures. 
 
 
 Method C. Prepared according to a literature precedent with slight modification.49 
In an Ar-filled drybox, an oven-dried 100-mL round bottom flask was charged with 
Cp2ZrCl2 (640 mg, 2.2 mmol). The flask was removed from the drybox and CH2Cl2 (15 
mL) was added followed cautiously by trimethylaluminum (2.9 mL, 30 mmol) via syringe. 
The reaction was allowed to cool to -23 °C and water (270 μL, 15 mmol) was added 
dropwise with vigorous stirring. After stirring for 10 minutes, the corresponding alkyne 
                                                 
49 Lim, S.; Wipf, P. Angew. Chem. Int. Ed. Engl. 1993, 32, 1068. 
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(10 mmol) was added in a solution of CH2Cl2 (5 mL). The reaction was left to stir for an 
additional 10 minutes at -23 °C before adding NBS (5.3 g, 30 mmol) as solid. The reaction 
was allowed to warm to room temperature and left to stir under N2 for 12 hours. The 
reaction was allowed to cool to 0 °C and carefully quenched with a saturated solution of 
K2CO3 (3 mL). After stirring for 10 minutes, excess Na2SO4(s) was added. The mixture was 
filtered through a short pad of silica and concentrated in vacuo. The crude mixture was 
purified by silica gel chromatography.  
 
 (E)-1-Bromo-2-methylbut-1-ene (3.133). Prepared according to a literature 
precedent with slight modification.49 In an Ar-filled drybox, to an oven-dried 
2-neck 100-mL round bottom flask equipped with a magnetic stirbar was charged with 
Cp2ZrCl2 (643 mg, 2.2 mmol). The flask was sealed with rubber septa and removed from 
the drybox. Under a constant pressure of N2, one septum was replaced a Dewar condenser. 
CH2Cl2 (15 mL) was added to the reaction vessel followed cautiously by 
trimethylaluminium (2.88 mL, 30 mmol) via syringe. The reaction was allowed to cool to 
-23 °C and water (270 μL, 15 mmol) was added dropwise with vigorous stirring. After 
stirring for 10 minutes, the Dewar condenser was allowed to cool to -78 °C and butyne (0.9 
mL, 10 mmol) was added dropwise via the condenser. The reaction was left to stir for an 
additional 10 minutes at -23 °C before adding NBS (5.3 g, 30 mmol) as solid. The reaction 
was allowed to warm to room temperature and left to stir under N2 for 12 hours. The 
reaction was allowed to cool to 0 °C and carefully quenched with a saturated solution of 
K2CO3 (3 mL). After stirring for 10 minutes, excess Na2SO4(s) was added. The mixture was 
filtered through a short pad of silica and concentrated in vacuo. The crude mixture was 
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purified on silica gel (pentane, stain in CAM) to afford a clear, colorless oil (44% yield). 
Rf = 0.9 in pentanes on TLC. The spectral data matched those reported in the literature.50  
 
 (E)-1-Bromo-2-methyloct-1-ene (3.116). Prepared according to Method C. 
The crude reaction mixture was purified by silica gel chromatography 
(pentanes, stain in CAM) to afford the title compound as clear, colorless oil (64% yield). 
Rf = 0.9 in pentanes on TLC. 1H NMR (500 MHz, CDCl3) δ 5.88 (s, 1H), 2.09 (t, J = 7.5 
Hz, 2H), 1.78 (s, 3H), 1.42 (p, J = 7.0 Hz, 2H), 1.36-1.21 (m, 6H), 0.89 (t, J = 7.5 Hz, 3H). 
13C NMR (125 MHz, CDCl3) δ 142.18, 100.98, 38.48, 31.77, 28.89, 27.62, 22.72, 19.16, 
14.20. IR (neat) νmax 3070 (w), 2955 (m), 2926 (s), 2856 (m), 1632 (w), 1458 (m), 1377 
(m), 1283 (m), 1160 (m), 771 (m), 712 (s) cm-1. HRMS (ESI+) calc. for C9H18Br [M+H]+  
205.0592, found 205.0595.  
 
  (E)-(1-Bromoprop-1-en-2-yl)cyclohexane (3.134). Prepared according to 
Method C. The crude reaction mixture was purified by silica gel 
chromatography (pentanes, stain in CAM) to afford the title compound as colorless oil (47% 
yield). Rf = 0.9 in pentanes on TLC. 1H NMR (500 MHz, CDCl3) δ 5.92 (s, 1H), 2.02 (m, 
1H), 1.8-1.65 (m, 7H), 1.33-1.09 (m, 6H). 13C NMR (125 MHz, CDCl3) δ 146.92, 101.12, 
47.07, 31.71, 26.60, 26.27, 17.75. IR (neat) νmax  3069 (w), 2924 (s), 2852 (s), 1624 (m), 
1447 (s), 1377 (m), 1306 (m), 1280 (m), 1165 (m), 1033 (m), 898 (m), 773 (s), 712 (s) cm-
1. HRMS (ESI+) calc. for C9H16Br [M+H]+  203.0435, found 203.0435. 
                                                 
50 Normant, J. F.; Chuit, C.; Cahiez, G.; Villiera, J. Synthesis, 1974, 803. 
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 (E)-1-Bromo-2,3,3-trimethylbut-1-ene (3.135). Prepared according to 
Method C. The crude reaction mixture was purified by silica gel 
chromatography (pentanes, stain in CAM) to afford the title compound as colorless oil (25% 
yield). Rf = 0.9 in pentanes on TLC. The spectral data matched those reported in the 
literature.51 
 
 
 
 (Bromomethylene)cycloheptane (3.138). Prepared according to a literature 
precedent with slight modification.52 A 50-mL round-bottom flask equipped 
with a magnetic stir bar was charged with (bromomethyl)triphenylphosphonium bromide53 
(3.137) (1.13 g, 2.60 mmol). The flask was purged with N2 for 5 minutes and THF (7 mL) 
was added. The reaction was allowed to cool to -78 °C and a solution of KOtBu (292 mg, 
2.60 mmol) in THF (3 mL) was added dropwise. The reaction was left to stir at -78 °C for 
5 minutes before warming to room temperature over 30 minutes. Cycloheptanone (3.136) 
(236 μL, 2.00 mmol) was added neat and the reaction was left to stir under N2 at room 
temperature for 16 hours. The reaction was diluted with Et2O (10 mL) and quenched with 
H2O (10 mL). The mixture was added to a separatory funnel and the layers separated. The 
aqueous layer was then extracted with Et2O (3 x 10 mL). The organic layers were combined, 
                                                 
51 Lipshutz, B.H.; Butler, T.; Lower, A. J. Am. Chem. Soc. 2006, 128, 15396. 
52 Harrowven, D.C.; Pascoe, D.D.; Guy,. I.L. Angew. Chem. Int. Ed. 2007, 46, 425. 
53 Vassilikogiannakis, G.; Hatzimarinaki, M.; Orfanopoulos, M. J. Org. Chem. 2000, 65, 8180. 
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dried over Na2SO4(s), filtered, and concentrated in vacuo. The crude mixture was purified 
by silica gel chromatography (pentanes, stain in CAM) to afford the title compound as clear 
colorless oil (64% yield). Rf = 0.9 in pentanes on TLC. 1H NMR (500 MHz, CDCl3) δ 5.92 
(s, 1H), 2.37 (t, J = 6.0 Hz, 2H), 2.31 (t, J = 6.0 Hz, 2H), 1.69-1.47 (m, 8H). 13C NMR 
(125 MHz, CDCl3) δ 147.47, 101.14, 36.50, 33.40, 30.11, 29.31, 28.85, 26.18. IR (neat) 
νmax 3070 (w), 2921 (s), 2850 (m), 1614 (w), 1441 (m), 1291 (m), 1159 (w), 763 (s), 729 
(m), 682 (m) cm-1. HRMS (ESI+) calc. for C8H14Br [M+H]+  189.0279, found 189.0273.  
 
 
 
 (E)-1-Bromo-3,3-dimethylbut-1-ene (3.140). Prepared according to a 
literature precedent with slight modification.54 To an oven-dried 25 mL round-bottom flask 
equipped with a magnetic stir bar under N2 was added 3,3-dimethylbut-1-yne (3.139) (370 
μL, 3.0 mmol). DIBAL-H (3.3 mL, 3.3 mmol, 1.0 M in hexanes) was added via syringe 
and the reaction was left to stir for 15 minutes at room temperature before heating to 50 °C 
for 5 hours. The reaction was allowed to cool to room temperature and Et2O (2 mL) was 
added. The reaction was further allowed to cool to -78 °C and NBS (640 mg, 3.6 mmol) 
was added as solid. Upon warming to room temperature, the reaction was left to stir for 16 
hours. To quench, the reaction was poured into a mixture of 6M HCl (10 mL), pentanes 
(20 mL), and ice. The layers were separated in a separatory funnel, and the aqueous layer 
                                                 
54 Hanessian, S.; Tehim, A.; Chen, P. J. Org. Chem. 1993, 58, 7768 
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was extracted with pentanes (3 x 20 mL). The organic layers were combined and washed 
successively with 1M NaOH (10 mL) and a saturated solution of Na2S2O3 (10 mL). The 
organic layer was dried over Na2SO4(s), filtered, and concentrated in vacuo. The crude 
mixture was purified by silica gel chromatography (pentanes, stain in KMnO4) to afford 
the title compound as clear colorless oil (160 mg, 33% yield). Rf = 0.9 in pentanes on TLC. 
1H NMR (500 MHz, CDCl3) δ 6.22 (d, J = 14.0 Hz, 1H), 5.98 (d, J = 13.5 Hz, 1H), 1.04 
(s, 9H). 13C NMR (125 MHz, CDCl3) δ 148.64, 102.02, 35.83, 29.133. IR (neat) νmax 3085 
(w), 2961 (m), 2932 (w), 2905 (w), 2868 (w), 1614 (w), 1463 (w), 1364 (m), 1263 (m), 
945 (m), 906 (s), 774 (m)  cm-1. HRMS (ESI+) calc. for C6H12Br [M+H]+  163.0122, found 
163.0125.  
 
 3.7.2.5. Procedures for Cross-Coupling. The substrates scope of the 
reaction was explored using the following procedures. 
 
Method D. A 2-dram vial with magnetic stir bar was charged with 3.95PdCl2 (0.9 
mg, 0.0010 mmol) and 1,1-diborylalkane (0.15 mmol). The vial was sealed with rubber 
septum, and purged with N2 for 10 minutes. Dioxane (250 μL) was added and the reaction 
was left to stir for 5 minutes. Then a solution of vinyl bromide in dioxane (250 μL, 0.10 
mmol, 0.4M) and 8M KOH(aq)45 (56 μL, 0.45 mmol) were added sequentially via syringe. 
The reaction was left to stir under an atmosphere of N2 at room temperature for 18 hours. 
The reaction was diluted with Et2O (2 mL) and filtered through a plug of Celite with 
additional Et2O (5 mL). The filtrate was concentrated in vacuo and purified by silica gel 
chromatography to afford the desired compound. The enantiomeric ratio was determined 
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for the alcohol obtained from subjecting the purified allyl boronate product to either 
hydrogen peroxide oxidation (Method E) or benzaldehyde allylation (Method F). 
 
Method E (oxidation to secondary allylic alcohol). THF (3 mL) was added to the 
purified allylic boronate in a scintillation vial equipped with a stir bar. The vial was sealed 
with a septum and an exit needle inserted. The reaction was allowed to cool to 0 oC, and 
H2O2 (500 μL, 30 wt% in H2O) and 3M NaOH (500 μL) were added sequentially via 
syringe. The reaction was warmed to room temperature and left to stir for no less than 3 
hours. The reaction was re-cooled to 0oC and quenched with a saturated solution of 
Na2S2O3 (200 μL). The reaction was warmed to room temperature, diluted with Et2O (3 
mL), and then filtered through a plug of silica gel with additional Et2O (5 mL). The solvent 
was removed in vacuo and the crude mixture was purified by silica gel chromatography to 
afford the corresponding secondary allylic alcohol. 
 
Method F (allylboration with benzaldehyde). Toluene (500 μL) was added to the 
purified allylic boronate in a 2-dram vial equipped with a stir bar under N2. The reaction 
was left to stir and benzaldehyde (50 μL, 0.5 mmol) was added. The reaction was heated 
to 60oC for 24 hours under N2. Upon cooling to room temperature, the reaction was diluted 
with Et2O (3 mL) and filtered through a short pad of Celite with additional Et2O (5 mL). 
The solvent was removed in vacuo and the crude mixture was purified by silica gel 
chromatography to afford the corresponding secondary homoallylic alcohol. 
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  3.7.2.6. Characterization of Reaction Products and Analysis of 
Stereochemistry. 
 
 (S)-4,4,5,5-Tetramethyl-2-(5-methyl-1-phenylhex-4-en-3-yl)-1,3,2-
dioxaborolane (3.69). The reaction was performed according to the 
Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (20% CH2Cl2/hexanes, stain in CAM) to afford the title compound as clear 
colorless oil (27.9mg, 93% yield). Rf = 0.6 in 50% CH2Cl2/hexanes on TLC. 1H NMR (500 
MHz, CDCl3) δ 7.27-7.24 (m, 2H), 7.17-7.13 (m, 3H), 5.09 (d, J = 9.5 Hz, 1H), 2.64 (ddd, 
J = 13.5, 10.5, 5.5 Hz, 1H), 2.53 (ddd, J = 13.0, 10.5, 6.0 Hz, 1H), 1.99 (q, J = 8.5 Hz, 1H),  
1.83 (ddt, J = 13.0, 10.0, 6.0 Hz, 1H), 1.72 (s, 3H), 1.67 (m, 1H), 1.59 (s, 3H), 1.23 (s, 6H), 
1.22 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 143.06, 131.31, 128.63, 128.32, 125.65, 
125.06, 83.09, 35.64, 33.71, 24.92, 24.69, 18.4. 11B NMR (160 MHz, CDCl3) δ 33.06. IR 
(neat) νmax 3084 (w), 3062 (w), 3026 (m), 2976 (s), 2924 (s), 2856 (m), 1603 (s), 1495 (m), 
1453 (m), 1369 (s), 1315 (s), 1269 (m), 1214 (m), 1141 (s), 1105 (m), 967 (s), 838 (m), 
698 (s) cm-1. HRMS (ESI+) calc. for C19H30BO2 [M+H]+  301.2339, found 301.2335. 
[α]20D +1.73 (c = 0.925, CHCl3, l =50 mm). 
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Gram Scale Procedure 
A 50-mL round bottom flask with magnetic stir bar was charged with 3.95.PdCl2 
(42.8 mg, 0.050 mmol) and geminal bis(boronate) 3.57 (2.79 g, 7.5 mmol). The flask was 
sealed with rubber septum, and purged with N2 for 20 minutes. Dioxane (25 mL) was added 
and the reaction was left to stir for 5 minutes. 1-Bromo-2-methylprop-1-ene (3.68) (512 
μL, 5.0 mmol)55 and 8M KOH(aq)45 (2.80 mL, 22.5 mmol) were added sequentially via 
syringe. The reaction was left to stir under an atmosphere of N2 at room temperature for 18 
hours. The reaction was diluted with Et2O (15 mL) and poured into a separatory funnel 
with Et2O (10 mL). The layers were separated and the aqueous layer was extracted with 
Et2O (2 x 20 mL). The organic layers were combined, dried over Na2SO4(s), filtered, and 
concentrated in vacuo. The crude material was purified by silica gel chromatography (20% 
CH2Cl2/hexanes, stain in CAM) to afford the title compound as yellow oil (1.06 g, 71% 
yield) which co-eluted with protodeboration of the starting material (380 mg). The spectral 
data matched those above. 
 
 
 
 
 
 
 
                                                 
551-Bromo-2-methylprop-1-ene was sparged with N2 for 30 min at room temperature before use. 
487 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.105. 
              Racemic                                                                         Reaction product 
                                          
                                
 
 (S)-5-Methyl-1-phenylhex-4-en-3-ol (3.141). The reaction was 
performed according to the Representative Procedure (Method E). The 
crude mixture was purified by silica gel chromatography (8% ethyl acetate/pentanes, stain 
in CAM) to afford the title compound as colorless oil. Rf = 0.4 in 7/2/1 
hexanes/CH2Cl2/ethyl acetate on TLC. 1H NMR (500 MHz, CDCl3) δ 7.29-7.26 (m, 2H), 
7.20-7.17 (m, 3H), 5.22 (d, J = 9.0 Hz, 1H), 4.37 (q, J = 9.0 Hz), 1H), 2.67 (m, 2H), 1.92 
(ddt, J = 13.5, 9.5, 6.5 Hz, 1H), 1.76 (ddt, J = 13.0, 10.0, 6.0 Hz, 1H), 1.74 (s, 3H), 1.66 (s, 
3H), 1.34 (s, 1H). 13C NMR (125 MHz, CDCl3) δ 142.21, 135.75, 128.53, 128.47, 128.06, 
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125.89, 68.31, 39.30, 31.95, 25.94, 18.41. IR (neat) νmax 3359 (br), 3061 (w), 3026 (w), 
2968 (w), 2926 (s), 2856 (m), 1495 (m), 1453 (s), 1376 (m), 1042 (s), 1006 (m), 746 (m), 
698 (s) cm-1. HRMS (ESI+) calc. for C13H17 [M+H-H2O]+  173.1330, found 173.1338. 
[α]20D -36.1 (c = 0.400, CHCl3, l =50 mm). The absolute stereochemistry was assigned by 
comparing the optical rotation with a reported value in the literature for (S)-3.105, [α]20D: 
-28.3 (c = 0.05, CDCl3, 90:10 er).56 
 
(S)-4,4,5,5-Tetramethyl-2-(2-methyl-7-phenylhept-2-en-4-yl)-1,3,-
2-dioxaborolane (3.98). The reaction was performed according to 
the Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (20% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
colorless oil (26.4 mg, 84% yield). Rf = 0.7 in 50% CH2Cl2/hexanes on TLC.  1H NMR  
(500 MHz, CDCl3) δ 7.24-7.27 (m, 2H), 7.14-7.17 (m, 3H), 5.03 (d, J = 9.5 Hz, 1H), 2.54-
2.63 (m, 2H), 1.97 (q, J = 8.0 Hz, 1H), 1.69 (s, 3H), 1.52-1.66 (m, 6H), 1.39-1.45 (m, 1H), 
1.22 (s, 6H), 1.21 (s, 6H).  13C NMR  (125 MHz, CDCl3) δ 143.06, 130.87, 128.53, 128.33, 
125.64, 125.33, 83.04, 36.21, 31.48, 31.20, 26.01, 24.89, 24.69, 18.32. 11B NMR  (160 
MHz, CDCl3) δ 33.03.  IR (neat) νmax 3026 (m), 2977 (s), 2926 (s), 2855 (s), 1603 (w) 
1496 (m), 1453 (m) 1370 (s), 1317 (s), 1272 (m), 1214 (m), 1143 (s), 1106 (m), 968 (m), 
886 (m), 835 (m), 747 (m), 698 (s).  HRMS (ESI) calc. for C20H32B1O2 [M+H]+ 315.2495, 
found 315.2490.  [α]20D +8.67 (c = 0.870, CHCl3, l = 50 mm). 
 
                                                 
56 Lurain, A. E.; Maestri, A.; Kelly, A. R.; Carroll, P. J.; Walsh, P. J. J. Am. Chem. Soc. 2004, 126, 13609. 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.142. 
 Racemic      Reaction Product 
   
 
 
 (S)-2-Methyl-7-phenylhept-2-en-4-ol (3.142). The reaction was 
performed according to the Representative Procedure (Method E). 
The crude mixture was purified by silica gel chromatography (20% ethyl acetate/hexanes, 
stain in CAM) to afford the title compound as colorless oil.  Rf = 0.5 in 20% ethyl 
acetate/hexanes on TLC.  1H NMR  (500 MHz, CDCl3) δ 7.26-7.29 (m, 2H), 7.16-7.19 (m, 
3H), 5.16 (d, J = 8.5 Hz, 1H), 4.36 (m, 1H), 2.63 (t, J = 7.0 Hz, 2H), 1.72 (s, 3H), 1.59-
1.69 (m, 6H), 1.44-1.51 (m, 1H), 1.26 (d, J = 3.0 Hz, 1H).  13C NMR (125 MHz, CDCl3) 
δ 142.58, 135.41, 128.56, 128.42, 128.24, 125.85, 68.72, 37.43, 36.03, 27.43, 25.92, 18.39.  
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IR (neat) νmax 3358 (br), 3063 (w), 3026 (m), 2923 (s), 2855 (s), 1673 (m), 1584 (m), 1553 
(m), 1496 (s), 1452 (s), 1375 (s), 1056 (s), 985 (s), 747 (s), 698 (s).  HRMS (ESI) calc. for 
C14H19 [M+H-H2O]+ 187.1486, found 187.1480.  [α]20D -6.53 (c = 0.575, CHCl3, l = 50 
mm). 
 
(S)-4,4,5,5-Tetramethyl-2-(2-methyl-8-phenyloct-2-en-4-yl)-1,3,-
2-dioxaborolane (3.99). The reaction was performed according to 
the Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (20% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
colorless oil (26.3mg, 80%). Rf = 0.8 in 50% CH2Cl2/hexanes on TLC. 1H NMR  (500 
MHz, CDCl3) δ 7.24-7.27 (m, 2H), 7.14-7.17 (m, 3H), 5.03 (d, J = 9.0 Hz, 1H), 2.54-2.63 
(m, 2H), 1.91-1.95 (q, J =  8.0 Hz, 1H), 1.69 (s, 3H), 1.51-1.63 (m, 5H), 1.25-1.44 (m, 4H), 
1.21 (s, 6H), 1.19 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 143.06, 130.76, 128.56, 128.31, 
125.63, 125.50, 83.00, 36.05, 31.68, 31.64, 29.01, 25.99, 24.85, 24.67, 18.29. 11B NMR  
(160 MHz, CDCl3) δ 33.01. IR (neat) νmax 3026 (w), 2976 (s), 2925 (s), 2855 (s), 1604 (w), 
1453 (m), 1370 (s), 1316 (s), 1266 (m), 1214 (m), 1143 (s), 1107 (m), 967 (m), 838 (m) 
746 (m), 698 (s). HRMS (ESI) calc. for C21H34B1O2 [M+H]+ 329.2651, found 329.2664. 
[α]20D +10.7 (c = 0.680, CHCl3, l = 50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 5% iPrOH, 100 bar, 35 °C)-analysis of 3.143. 
  
  Racemic     Reaction Product 
      
 
(S)-2-Methyl-8-phenyloct-2-en-4-ol (3.143). The reaction was 
performed according to the Representative Procedure (Method E). 
The crude mixture was purified by silica gel chromatography (20% ethyl acetate/hexanes, 
stain in CAM) to afford the title compound as colorless oil.  Rf = 0.5 in 20% ethyl 
acetate/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 7.26-7.29 (m, 2H), 7.17-7.19 (m, 
3H), 5.16 (d, J = 8.5 Hz, 1H), 4.31-4.36 (m, 1H), 2.60-2.63 (t, J = 8.5 Hz, 2H), 1.72 (s, 
3H), 1.59-1.68 (m, 6H), 1.31-1.50 (m, 3H), 1.28 (d, J = 3.5 Hz, 1H).  13C NMR (125 MHz, 
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CDCl3) δ 142.81, 135.31, 128.54, 128.40, 128.35, 125.78, 68.80, 37.68, 36.10, 31.65, 25.92, 
25.33, 18.37. IR (neat) νmax 3344 (br), 3063 (w), 3026 (m), 2927 (s), 2855 (s), 1673 (m), 
1603 (m), 1495 (m), 1452 (s), 1375 (m), 1051 (s), 999 (s), 840 (m), 745 (s), 697 (s), 510 
(m). HRMS (ESI) calc. for C12H21 [M+H-H2O]+ 201.1643, found 201.1653. [α]20D -10.1 
(c = 0.440, CHCl3, l = 50 mm). 
 
(S)-4,4,5,5-Tetramethyl-2-(2-methylnon-2-en-4-yl)-1,3,2-dioxaborola-
ne (3.100). The reaction was performed according to the Representative 
Procedure (Method D). The crude mixture was purified by silica gel chromatography (10% 
CH2Cl2/hexanes, stain in CAM) to afford the title compound as colorless oil (17.6 mg, 66% 
yield). Rf = 0.7 in 50% CH2Cl2/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 5.03 (d, J 
= 9.5 Hz, 1H), 1.92 (q, J = 7.5 Hz, 1H), 1.69 (s, 3H), 1.59 (s, 3H), 1.49 (m, 1H), 1.36-1.28 
(m, 19H), 0.86 (t, J = 6.5 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 130.60, 125.68, 82.97, 
32.11, 31.77, 29.06, 25.99, 24.88, 24.69, 22.76, 18.29, 14.21. 11B NMR (160 MHz, CDCl3) 
δ 33.01. IR (neat) νmax 2976 (w), 2960 (w), 2923 (m), 2855 (w), 1458 (w), 1369 (m), 1314 
(s), 1269 (w), 1215 (w), 1142 (s), 967 (m), 881 (w), 836 (m), 672 (w) cm-1. HRMS (ESI+) 
calc. for C16H32BO2 [M+H]+  267.2495, found 267.2492. [α]20D +14.7 (c = 0.875, CHCl3, l 
=50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary homoallylic alcohol. The racemic alcohol was 
prepared analogously with racemic 3.95 according to Methods A and F. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.144. 
  Racemic      Reaction product 
 
     
 
(R,E)-2,2-Dimethyl-1-phenylnon-3-en-1-ol (3.144). The reaction was 
performed according to the Representative Procedure (Method F). The 
crude mixture was purified by silica gel chromatography (20% CH2Cl2/pentanes, stain in 
CAM) to afford the title compound as colorless oil. Rf = 0.1 in 20% CH2Cl2/pentanes on 
TLC. 1H NMR (500 MHz, CDCl3) δ 7.31-7.23 (m, 5H), 5.49-5.46 (m, 2H), 4.38 (d, J = 
2.5 Hz, 1H), 2.08-2.02 (m, 3H), 1.41-1.24 (m, 6H), 0.99 (s, 3H), 0.93 (s, 3H), 0.90 (t, J = 
7.5 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 141.01, 136.61, 130.56, 127.99, 127.54, 
127.41, 80.95, 41.63, 33.00, 31.58, 29.41, 25.29, 22.68, 21.74, 14.21. IR (neat) νmax 3460 
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(br), 3063 (w), 3028 (w), 2957 (s), 2925 (s), 2855 (m), 1453 (m), 1380 (w), 1186 (w), 1041 
(m), 979 (m), 740 (m), 701 (s) cm-1. HRMS (ESI+) calc. for C17H25 [M+H-H2O]+  229.1956, 
found 229.1958. [α]20D +39.7 (c = 0.375, CHCl3, l =50 mm). 
 
(S)-tert-Butyldimethyl((5-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dio-
xaborolan-2-yl)hex-4-en-1-yl)oxy)silane (3.101). The reaction was 
performed according to the Representative Procedure (Method D). The crude mixture was 
purified by silica gel chromatography (40% CH2Cl2/hexanes, stain in CAM) to afford the 
title compound as colorless oil (22.0 mg, 62% yield). Rf = 0.5 in 50% CH2Cl2/hexanes on 
TLC. 1H NMR (500 MHz, CDCl3) δ 5.01 (d, J = 9.5 Hz, 1H), 3.56 (m, 2H), 2.03 (q, J = 
8.5 Hz, 1H), 1.75 (tt, J = 13.5, 7.0 Hz, 1H), 1.68 (s, 3H), 1.62-1.50 (m, 4H), 1.22 (s, 6H), 
1.21 (s, 6H), 0.88 (s, 9H), 0.03 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 131.29, 124.79, 
83.05, 62.75, 34.63, 26.15, 25.96, 24.87, 24.68, 18.53, 18.31, -5.11, -5.13. 11B NMR (160 
MHz, CDCl3) δ 32.95. IR (neat) νmax 2976 (w), 2956 (m), 2928 (s), 2857 (s), 1471 (m), 
1360 (s), 1315 (s), 1252 (s), 1143 (s), 1093 (s), 1005 (m), 935 (m), 833 (s), 773 (s), 664 
(m) cm-1. HRMS (ESI+) calc. for C19H40BO3Si [M+H]+  355.2839, found 355.2843. [α]20D 
+21.6 (c = 1.05, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary homoallylic alcohol. The racemic alcohol was 
prepared analogously with racemic 3.95 according to Methods A and F. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 5% iPrOH, 100 bar, 35 °C)-analysis of 3.145. 
  Racemic      Reaction product 
        
 
(R,E)-6-((tert-Butyldimethylsilyl)oxy)-2,2-dimethyl-1-phenylhex 
-3-en-1-ol (3.145). The reaction was performed according to the 
Representative Procedure (Method F). The crude mixture was purified by silica gel 
chromatography (3% ethyl acetate/hexanes, stain in CAM) to afford the title compound as 
colorless oil. Rf = 0.3 in 5% ethyl acetate/hexanes on TLC. 1H NMR (500 MHz, CDCl3) 
7.33-7.23 (m, 5H), 5.54 (d, J = 16.5 Hz, 1H), 5.48 (dt, J = 16.0, 7.0 Hz, 1H), 4.37 (d, J = 
3.0 Hz, 1H), 3.65 (t, J = 7.0 Hz, 2H), 2.29 (q, J =  6.5 Hz, 2H), 2.12 (d, J = 3.0 Hz, 1H), 
1.00 (s, 3H), 0.93 (s, 3H), 0.90 (s, 9H), 0.06 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 140.96, 
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138.90, 128.00, 127.55, 127.43, 126.85, 80.81, 63.15, 41.80, 36.64, 26.14, 25.17, 21.55, 
18.55, -5.09. IR (neat) νmax 3446 (br), 3086 (w), 3028 (m), 2955 (s), 2928 (s), 2857 (s), 
1493 (m), 1384 (m), 1360 (m), 1254 (s), 1187 (m), 1097 (s), 1044 (m), 834 (s), 775 (s), 
702 (m) cm-1. HRMS (ESI+) calc. for C20H33OSi [M+H-H2O]+  317.2301, found 317.2317. 
[α]20D +40.0 (c = 0.470, CHCl3, l =50 mm). 
 
(S)-2-(8-Bromo-2-methyloct-2-en-4-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (3.102). The reaction was performed 
according to the Representative Procedure (Method D). The crude mixture was purified by 
silica gel chromatography (20% CH2Cl2/hexanes, stain in CAM) to afford the title 
compound as colorless oil (17.2 mg, 52% yield). Rf = 0.7 in 50% CH2Cl2/hexanes on TLC. 
1H NMR (500 MHz, CDCl3) δ 5.01 (d, J = 9.5 Hz, 1H), 3.39 (t, J = 6.5 Hz, 2H), 1.93 (q, 
J = 7.5 Hz, 1H), 1.84 (p, J = 6.5 Hz, 2H), 1.69 (s, 3H), 1.60 (s, 3H), 1.58-1.33 (m, 4H), 
1.23 (s, 6H), 1.22 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 131.00, 124.89, 82.95, 33.94, 
32.92, 30.66, 27.73, 25.83, 24.73, 24.53, 18.16. 11B NMR (160 MHz, CDCl3) δ 32.93. IR 
(neat) νmax 2977 (s), 2927 (s), 2856 (m), 1447 (w), 1370 (s), 1318 (s), 1272 (m), 1213 (w), 
1144 (s), 1106 (w), 968 (m), 837 (m), 684 (w) cm-1. HRMS (ESI+) calc. for C15H29BBrO2 
[M+H]+  331.1444, found 331.1437. [α]20D +15.5 (c = 0.580, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary homoallylic alcohol. The racemic alcohol was 
prepared analogously with racemic 3.95 according to Methods A and F. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.146. 
 Racemic      Reaction product 
  
   
(R,E)-8-Bromo-2,2-dimethyl-1-phenyloct-3-en-1-ol (3.146). 
The reaction was performed according to the Representative 
Procedure (Method F). The crude mixture was purified by silica gel chromatography (3% 
ethyl acetate/hexanes, stain in CAM) to afford the title compound as colorless oil. Rf = 0.2 
in 5% ethyl acetate/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 7.33-7.24 (m, 5H), 
5.52 (d, J = 15.5 Hz, 1H), 5.42 (dt, J = 16.0, 7.0 Hz, 1H), 4.40 (d, J = 2.0 Hz, 1H), 3.41 (t, 
J = 7.0 Hz, 2H), 2.09 (q, J = 6.5 Hz, 2H), 1.98 (d, J = 3.0 Hz, 1H), 1.86 (p, J = 7.0 Hz, 2H), 
1.56-1.48 (m, 2H), 1.00 (s, 3H), 0.94 (s, 3H).  13C NMR (125 MHz, CDCl3) δ 141.08, 
498 
137.47, 129.16, 127.95, 127.60, 127.50, 81.10, 41.62, 33.87, 32.38, 32.08, 28.17, 25.12, 
22.04. IR (neat) νmax  3455 (br), 3085 (w), 3062 (w), 3028 (w), 2960 (s), 2928 (s), 2856 
(m), 1729 (w), 1585 (w), 1492 (w), 1452 (s), 1362 (m), 1249 (m), 1186 (m), 1082 (w), 
1040 (s), 1003 (m), 978 (s), 740 (s), 702 (s) cm-1. HRMS (ESI+) calc. for C16H22Br [M+H-
H2O]+  293.0905, found 293.0905. [α]20D +32.4 (c = 0.200, CHCl3, l =50 mm). 
 
(S)-4,4,5,5-Tetramethyl-2-(5-methyl-1-phenylhex-4-en-3-yl)-1,3,2-di-
oxaborolane (3.103). The reaction was performed according to the 
Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (30% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
colorless oil (25.2 mg, 80% yield). Rf = 0.6 in 50% CH2Cl2/hexanes on TLC. 1H NMR 
(500 MHz, CDCl3) δ 7.29-7.23 (m, 2H), 7.20-7.13 (m, 3H), 5.08 (d, J = 10.0 Hz, 1H), 2.65 
(ddd, J = 13.5, 10.0, 5.0 Hz, 1H), 2.54 (ddd, J = 14.0, 10.5, 6.0 Hz, 1H), 2.06-1.96 (m, 3H), 
1.85 (ddt, J = 13.5, 10.5, 6.5 Hz, 1H), 1.69 (ddt, J = 13.5, 8.5, 5.0 Hz, 1H), 1.60 (s, 3H), 
1.23 (s, 6H), 1.22 (s, 6H), 1.00 (t, J = 7.5 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 143.06, 
137.01, 128.64, 128.32, 125.64, 123.72, 83.04, 35.64, 33.65, 32.79, 24.88, 24.65, 16.48, 
13.34. 11B NMR (160 MHz, CDCl3) δ 32.92. IR (neat) νmax 3084 (w), 3063 (w), 3026 (w), 
2975 (s), 2926 (s), 2855 (m), 1739 (w), 1604 (w), 1496 (w), 1455 (m), 1370 (s), 1317 (s), 
1270 (m), 1192 (m), 1143 (s), 1108 (m), 1072 (w), 967 (m), 876 (w), 847 (m), 748 (m), 
699 (s) cm-1. HRMS (ESI+) calc. for C20H32BO2 [M+H]+  315.2495, found 315.2499. 
[α]20D +3.21 (c = 0.650, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of 3.147. 
  Racemic      Reaction product 
 
 
 
 (S,E)-5-Methyl-1-phenylhept-4-en-3-ol (3.147). The reaction was 
performed according to the Representative Procedure (Method E). The 
crude mixture was purified by silica gel chromatography (20% ethyl acetate/hexanes, stain 
in CAM) to afford the title compound as colorless oil. Rf = 0.3 in 7/2/1 
hexanes/CH2Cl2/ethyl acetate on TLC. 1H NMR (500 MHz, CDCl3) 7.30-7.25 (m, 2H), 
7.22-7.16 (m, 3H), 5.21 (dd, J = 8.5, 1.0 Hz, 1H), 4.40 (dq, J = 9.5, 3.0 Hz, 1H), 2.74-2.61 
(m, 2H), 2.03 (q, J = 7.5 Hz, 2H), 1.93 (ddt, J = 13.0, 9.5, 6.5 Hz, 1H), 1.77 (ddt, J = 12.5, 
10.0, 6.0 Hz, 1H), 1.66 (s, 3H), 1.33 (d, J = 3.0 Hz, 1H), 1.02 (t, J = 7.5 Hz, 3H). 13C NMR 
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(125 MHz, CDCl3) δ 142.23, 141.05, 128.53, 128.47, 126.40, 125.89, 68.25, 39.36, 32.39, 
31.98, 16.72, 12.62. IR (neat) νmax 3258 (br), 3024 (w), 3000 (w), 2948 (m), 2926 (m), 
2880 (w), 2834 (w), 1608 (m), 1510 (s), 1445 (m), 1341 (w), 1301 (m),  1243 (s), 1176 
(m), 1023 (m), 1002 (m), 833 (m), 820 (m), 701 (m) cm-1. HRMS (ESI+) calc. for C14H19 
[M+H-H2O]+  187.1487, found 187.1487. [α]20D -23.8 (c = 0.375, CHCl3, l =50 mm). 
 
(S,E)-4,4,5,5-Tetramethyl-2-(5-methyl-1-phenylundec-4-en-3-yl)-
1,3,2-dioxaborolane (3.104). The reaction was performed according 
to the Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (20% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
colorless oil (32.2 mg, 87% yield). Rf = 0.6 in 50% CH2Cl2/hexanes on TLC. 1H NMR 
(500 MHz, CDCl3) δ 7.28-7.22 (m, 2H), 7.18-7.13 (m, 3H), 5.07 (d, J = 9.5 Hz, 1H), 2.65 
(ddd, J = 13.0, 10.0, 5.0 Hz, 1H), 2.52 (ddd, J = 13.5, 10.5, 6.0 Hz, 1H), 2.00 (m, 3H), 1.84 
(ddt, J = 13.0, 10.0, 6.5 Hz, 1H), 1.68 (ddt, J = 14.5, 10.5, 5.5 Hz, 1H), 1.57 (s, 3H), 1.41-
1.19 (m, 20H), 0.88 (t, J = 6.5 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 143.09, 135.29, 
128.65, 128.32, 125.64, 125.00, 83.05, 40.00, 35.67, 33.68, 31.99, 28.96, 28.22, 24.90, 
24.69, 22.85, 16.48, 14.29. 11B NMR (160 MHz, CDCl3) δ 33.08. IR (neat) νmax 3085 (w), 
3062 (w), 3026 (w), 2976 (m), 2957 (m), 2925 (s), 2856 (s), 1604 (w), 1496 (w), 1479 (m), 
1370 (s), 1317 (s), 1269 (m), 1214 (m), 1143 (s), 1108 (m), 968 (m), 847 (m), 747 (m), 699 
(s) cm-1. HRMS (ESI+) calc. for C24H40BO2 [M+H]+  371.3121, found 371.3124. [α]20D 
+6.60 (c = 1.39, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 4% iPrOH, 100 bar, 35 °C)-analysis of 3.148. 
  Racemic      Reaction product 
 
      
   
(S,E)-5-Methyl-1-phenylundec-4-en-3-ol (3.148). The reaction was 
performed according to the Representative Procedure (Method E) 
without the need to first purify the allylic boronate by silica gel chromatography. The crude 
oxidation mixture was purified by silica gel chromatography (20% ethyl acetate/hexanes, 
stain in CAM) to afford the title compound as colorless oil (21.3 mg, 82% yield). Rf = 0.4 
in 7/2/1 hexanes/CH2Cl2/ethyl acetate on TLC. 1H NMR (500 MHz, CDCl3) δ 7.31-7.25 
(m, 2H), 7.24-7.15 (m, 3H), 5.22 (d, J = 8.5 Hz, 1H), 4.39 (q, J = 7.0 Hz, 1H), 2.67 (m, 
2H), 2.00 (t, J = 7.5 Hz, 2H), 1.93 (ddt, J = 13.5, 9.5, 6.5 Hz, 1H), 1.76 (ddt, J = 13.5, 10.0, 
6.5 Hz, 1H), 1.64 (s, 3H), 1.45-1.24 (m, 9H), 0.89 (t, J = 5.5 Hz, 3H). 13C NMR (125 MHz, 
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CDCl3) δ 142.24, 139.62, 128.53, 128.47, 127.59, 125.89, 68.26, 39.73, 39.37, 31.98, 31.88, 
29.09, 27.84, 22.78, 16.71, 14.24. IR (neat) νmax 3432 (br), 3084 (w), 3062 (w), 3026 (w), 
2954 (m), 2925 (s), 2856 (s), 1667 (w), 1603 (w), 1495 (m), 1454 (s), 1379 (m), 1300 (w), 
1272 (w), 1052 (m), 1030 (m), 1006 (m), 914 (w), 746 (m), 724 (m), 698 (s) cm-1. HRMS 
(ESI+) calc. for C18H27 [M+H-H2O]+  243.2113, found 243.2122. [α]20D -18.4 (c = 0.540, 
CHCl3, l =50 mm). 
 
S)-2-(1-Cycloheptylidene-4-phenylbutan-2-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (3.105). The reaction was performed according 
to the Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (30% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
colorless oil (31.2 mg, 88% yield). Rf = 0.7 in 50% CH2Cl2/hexanes on TLC. 1H NMR 
(500 MHz, CDCl3) δ 7.28-7.23 (m, 2H), 7.19-7.13 (m, 3H), 5.10 (d, J = 10 Hz), 1H), 2.67 
(ddd, J = 13.5, 10.5, 5.5 Hz, 1H), 2.54 (ddd, J = 14.0, 11.0, 6.5 Hz, 1H), 2.22 (m, 4H), 1.99 
(q, J = 9.0 Hz, 1H), 1.84 (ddt, J = 12.5, 10.0, 6.0 Hz, 1H), 1.69 (ddt, J = 14.0, 10.0, 5.5 Hz, 
1H), 1.62-1.47 (m, 8H), 1.24 (s, 6H), 1.23 (s, 6H).  13C NMR (125 MHz, CDCl3) δ 143.05, 
140.95, 128.64, 128.31, 125.64, 125.52, 83.04, 38.06, 35.73, 33.63, 30.65, 30.04, 30.03, 
29.32, 27.13, 24.91, 24.69. 11B NMR (160 MHz, CDCl3) δ 33.85. IR (neat) νmax 3084 (w), 
3062 (w), 3026 (w), 2976 (m), 2921 (s), 2852 (m), 1603 (w), 1496 (w), 1454 (m), 1355 (s), 
1316 (s), 1270 (m), 1214 (w), 1142 (s), 1106 (m), 967 (m), 852 (m), 837 (m), 748 (m), 699 
(s) cm-1. HRMS (ESI+) calc. for C23H36BO2 [M+H]+  355.2808, found 355. 2805. [α]20D 
+15.3 (c = 1.28, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 10% iPrOH, 100 bar, 35 °C)-analysis of 3.149. 
  Racemic      Reaction product 
      
 
(S)-1-Cycloheptylidene-4-phenylbutan-2-ol (3.149). The reaction 
was performed according to the Representative Procedure (Method 
E). The crude mixture was purified by silica gel chromatography (20% ethyl 
acetate/hexanes, stain in CAM to afford the title compound as colorless oil. Rf = 0.4 in 
7/2/1 hexanes/CH2Cl2/ethyl acetate on TLC. 1H NMR (500 MHz, CDCl3) δ 7.30- 7.15 (m, 
5H), 5.23 (d, J = 8.5 Hz, 1H), 4.39 (q, J = 7.0 Hz, 1H), 2.69 (m, 4H), 2.32-2.2 (m, 4H), 
1.92 (ddt, J = 13.0, 10.0, 6.5 Hz, 1H), 1.76 (ddt, J = 13.5, 10.0, 6.0 Hz), 1.66-1.48 (m, 8H), 
1.37 (s, 1H). 13C NMR (125 MHz, CDCl3) δ 145.28, 142.26, 128.52, 128.46, 128.20, 
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125.88, 67.90, 39.37, 37.97, 32.04, 30.32, 29.73, 29.13, 29.09, 27.48. IR (neat) νmax 3420 
(br), 3085 (w), 3061 (w), 3026 (w), 2920 (s), 2851 (s), 2676 (w), 1726 (w), 1655 (w), 1495 
(m), 1453 (s), 1276 (w), 1179 (w), 1043 (s), 1030 (m), 996 (m), 914 (w), 746 (s), 698 (s) 
cm-1. HRMS (ESI+) calc. for C17H23 [M+H-H2O]+  227.1800, found 227.1801. [α]20D -34.6 
(c = 0.635, CHCl3, l =50 mm). 
 
(S,E)-2-(5-Cyclohexyl-1-phenylhex-4-en-3-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (3.106). The reaction was performed according to 
the Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (30% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
colorless oil (30.2 mg, 82% yield). Rf = 0.6 in 50% CH2Cl2/hexanes on TLC. 1H NMR 
(500 MHz, CDCl3) δ 7.28-7.22 (m, 2H), 7.18-7.12 (m, 3H), 5.06 (d, J = 9.0 Hz, 1H), 2.64 
(ddd, J = 14.5, 10.5, 5.5 Hz, 1H), 2.52 (ddd, J = 13.5, 10.5, 6.5 Hz, 1H), 1.99 (q, J = 9.0 
Hz, 1H), 1.90-1.78 (m, 2H), 1.77-1.60 (m, 6H), 1.56 (s, 3H), 1.35-1.06 (m, 17H). 13C NMR 
(125 MHz, CDCl3) δ 143.07, 140.57, 128.67, 128.31, 125.64, 123.11, 82.99,  47.79, 35.64, 
33.58, 32.34, 32.30, 26.96, 26.58, 24.86, 24.61, 14.94. 11B NMR (160 MHz, CDCl3) δ 
32.78. IR (neat) νmax 3084 (w), 3062 (w), 3026 (w), 2977 (m), 2924 (s), 2852 (s), 1603 (w), 
1496 (w), 1480 (m), 1370 (s), 1317 (s), 1270 (m), 1215 (w), 1143 (s), 987 (m), 844 (m), 
748 (m), 699 (s) cm-1. HRMS (ESI+) calc. for C24H38BO2 [M+H]+  369.2965, found 
369.2965. [α]20D +10.1 (c = 0.955, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 6% iPrOH, 100 bar, 35 °C)-analysis of 3.150. 
  Racemic      Reaction product 
       
 
(S,E)-5-Cyclohexyl-1-phenylhex-4-en-3-ol (3.150). The reaction was 
performed according to the Representative Procedure (Method E). The 
crude mixture was purified by silica gel chromatography (20% ethyl acetate/hexanes, stain 
in CAM) to afford the title compound as colorless oil. Rf = 0.6 in 20% ethyl acetate/hexanes 
on TLC. 1H NMR (500 MHz, CDCl3) δ 7.30-7.24 (m, 2H), 7.21-7.15 (m, 3H), 5.21 (d, J 
= 8.0 Hz, 1H), 4.39 (q, J = 7.0 Hz, 1H), 2.66 (m, 2H), 1.93 (ddt, J = 13.0, 9.5, 6.5 Hz, 1H), 
1.85 (m, 1H), 1.81-1.64 (m, 6H), 1.62 (s, 3H), 1.36-1.09 (m, 6H). 13C NMR (125 MHz, 
CDCl3) δ 144.53, 142.26, 128.54, 128.47, 125.89, 125.88, 68.18, 47.37, 39.38, 31.99, 31.97, 
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26.80, 26.47, 15.19. IR (neat) νmax 3329 (br), 3084 (w), 3062 (w), 3026 (w), 2924 (s), 2852 
(s), 1662 (w), 1603 (w), 1495 (w), 1382 (m), 1265 (w), 1189 (w), 1052 (m), 1030 (m), 
1006 (m), 746 (m), 698 (s) cm-1. HRMS (ESI+) calc. for C18H25 [M+H-H2O]+  241.1956, 
found 241.1951. [α]20D -13.8 (c = 0.600, CHCl3, l =50 mm). 
 
(S,E)-4,4,5,5-Tetramethyl-2-(5,6,6-trimethyl-1-phenylhept-4-en-3-
yl)-1,3,2-dioxaborolane (3.107). The reaction was performed 
according to the Representative Procedure (Method D). The crude mixture was purified by 
silica gel chromatography (30% CH2Cl2/hexanes, stain in CAM) to afford the title 
compound as clear, yellow oil (23.5 mg, 69% yield). Rf = 0.6 in 50% CH2Cl2/hexanes on 
TLC. 1H NMR (500 MHz, CDCl3) δ 7.27-7.21 (m, 2H), 7.17-7.12 (m, 3H), 5.11 (d, J = 
9.0 Hz, 1H), 2.63 (ddd, J = 15.0, 10.0, 5.5 Hz, 1H), 2.53 (ddd, J = 13.0, 6.5, 3.0 Hz, 1H), 
1.99 (q, J = 8.5 Hz, 1H), 1.85 (ddt, J = 13.5, 10.0, 7.0 Hz 1H) 1.71 (dtd, J = 13.5, 9.5, 5.5 
Hz, 1H), 1.59 (s, 3H), 1.21 (s, 6H), 1.20 (s, 6H). 13C NMR (125 MHz, CDCl3) δ 143.03, 
128.65, 128.31, 125.64, 121.72, 82.95, 36.33, 35.71, 33.57, 29.38, 24.80, 24.58, 13.50. 11B 
NMR (128 MHz, CDCl3) δ 32.76. IR (neat) νmax 3085 (w), 3062 (w), 3026 (w), 2966 (s), 
2930 (s), 2861 (m), 1735 (w), 1604 (w), 1495 (w), 1478 (m), 1455 (m), 1357 (s), 1315 (s), 
1263 (m), 1214 (m), 1199 (m), 1143 (s), 1106 (m), 967 (m), 847 (m), 748 (m), 698 (s) cm-
1. HRMS (ESI+) calc. for C22H36BO2 [M+H]+  343.2808, found 343.2806. [α]20D +14.2 (c 
= 1.175, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.151. 
  Racemic      Reaction product 
   
 
(S,E)-5,6,6-Trimethyl-1-phenylhept-4-en-3-ol (3.151). The reaction 
was performed according to the Representative Procedure (Method E). 
The crude mixture was purified by silica gel chromatography (20% ethyl acetate/hexanes, 
stain in CAM) to afford the title compound as clear, colorless oil. Rf = 0.4 in 7/2/1 
hexanes/CH2Cl2/ethyl acetate on TLC. 1H NMR (500 MHz, CDCl3) 7.30-7.24 (m, 2H), 
7.22-7.15 (m, 3H), 5.27 (dd, J = 8.5, 1.0 Hz, 1H), 4.40 (q, J = 7.0 Hz, 1H), 2.74-2.60 (m, 
2H), 1.94 (ddt, J = 13.0, 9.5, 7.0 Hz, 1H), 1.77 (ddt, J = 13.5, 10.0, 6.0 Hz, 1H), 1.65 (s, 
3H), 1.05 (s, 9H) . 13C NMR (125 MHz, CDCl3) δ 147.00, 142.27, 128.54, 128.49, 125.90, 
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124.74, 68.62, 39.44, 36.28, 32.02, 29.10, 13.30.  IR (neat) νmax 3402 (br), 3085 (w), 3062 
(w), 3026 (w), 2954 (s), 2867 (m), 1654 (w), 1603 (w), 1495 (m), 1478 (m), 1454 (m), 
1377 (m), 1360 (m), 1259 (w), 1052 (m), 1071 (s), 1005 (m), 914 (w), 841 (w), 746 (m), 
698 (s) cm-1. HRMS (ESI+) calc. for C16H23 [M+H-H2O]+  215.1800, found 215.1807. 
[α]20D -22.5 (c = 0.485, CHCl3, l =50 mm). 
 
(S,E)-2-(6,6-Dimethyl-1-phenylhept-4-en-3-yl)-4,4,5,5-tetramethyl-
1,3,2-dioxaborolane (3.108). The reaction was performed according to 
the Representative Procedure (Method D). The crude mixture was purified by silica gel 
chromatography (30% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
white solid (24.6 mg, 75% yield). Rf = 0.6 in 7:2:1 hexanes/CH2Cl2/ethyl acetate on TLC. 
1H NMR (500 MHz, CDCl3) δ 7.28-7.23 (m, 2H) 7.19 – 7.13 (m, 3H), 5.47 (dd, J = 15.5, 
1.0 Hz, 1H), 5.26 (dd, J = 15.5, 8.5 Hz, 1H), 2.63 (ddd, J = 14.0, 9.5, 5.5 Hz, 1H) 2.55 
(ddd, J = 13.5, 10.0, 5.5 Hz, 1H), 1.88-1.75 (m, 2H), 1.70 (ddt, J = 12.0, 6.0, 4.5 Hz, 1H) 
1.24 (s, 6H), 1.23 (s, 6H), 0.99 (s, 9H) . 13C NMR (126 HMz, CDCl3) δ 143.06, 141.70, 
128.66, 128.34, 125.67, 124.94, 83.15, 35.52, 33.15, 33.09, 30.07, 24.88, 24.66. 11B NMR 
(160 MHz, CDCl3) δ 33.01.  IR (neat) νmax 3085 (w), 3063 (w), 3026 (w), 2976 (s), 2957 
(s), 2930 (s), 2862 (m), 1604 (w), 1496 (w), 1456 (m), 1360 (s), 1320 (s), 1266 (m), 1214 
(m), 1143 (s), 1108 (w), 970 (s), 854 (m), 747 (m), 699 (s) cm-1. HRMS (ESI+) calc. for 
C21H34BO2 [M+H]+  329.2652, found 329.2661. [α]20D +10.6 (c = 0.665, CHCl3, l =50 mm). 
Melting point 48-51 °C. 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.152. 
  Racemic      Reaction product 
 
  
 
 (S,E)-6,6-Dimethyl-1-phenylhept-4-en-3-ol (3.152). The reaction 
was performed according to the Representative Procedure (Method E). 
The crude mixture was purified by silica gel chromatography (20% ethyl acetate/hexanes, 
stain in CAM) to afford the title compound as clear, colorless oil. Rf = 0.5 in 7/2/1 
hexanes/CH2Cl2/ethyl acetate on TLC. 1H NMR (500 MHz, CDCl3) δ 7.30-7.24 (m, 2H), 
7.22-7.16 (m, 3H), 5.67 (d, J = 15.5 Hz, 1H), 5.39 (dd, J = 15.5, 7.0 Hz, 1H), 4.10-4.04 (m, 
1H), 2.75-2.62 (m, 2H), 1.93-1.76 (m, 2H), 1.45 (d, J = 3.0 Hz, 1H), 1.02 (s, 9H). 13C 
NMR (125 MHz, CDCl3) δ 143.56, 142.19, 128.60, 128.50, 127.64, 125.92, 72.83, 39.07, 
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32.95, 31.99, 29.67. IR (neat) νmax 3356 (br), 3085 (w), 3062 (w), 3026 (w), 2956 (s), 2863 
(s), 1661 (w), 1603 (w), 1496 (m), 1455 (m), 1390 (w), 1362 (m), 1267 (w), 1202 (w), 
1100 (w), 1031 (m), 973 (s), 911 (m), 746 (s), 698 (s) cm-1. HRMS (ESI+) calc. for C15H21 
[M+H-H2O]+  201.1643, found 201.1632. [α]20D -7.94 (c = 0.500, CHCl3, l =50 mm). The 
absolute stereochemistry was assigned by comparing the optical rotation with a reported 
value in the literature for (S)-3.118, [α]20D -7.5 (c = 0.96, CHCl3, 91:9 er).57 
 
(S)-2-(1-(2-Chlorophenyl)-5-methylhex-4-en-3-yl)-4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolane (3.109). The reaction was performed 
according to the Representative Procedure (Method C). The crude mixture was purified by 
silica gel chromatography (30% DCM/hexanes, stain in CAM) to afford the title compound 
as clear, colorless oil (28.3 mg, 85% yield). Rf = 0.3 in 50% DCM/hexanes on TLC. 1H 
NMR (500 MHz, CDCl3) δ 7.30 (d, J = 8.0 Hz, 1H), 7.19 (dd, J = 7.0, 1.5 Hz, 1H), 7.15 
(t, J = 7.5, 1H), 7.09 (dt, J = 7.0, 2.0 Hz, 1H), 5.11 (dd, J = 9.5, 1.5 Hz, 1H), 2.77 (ddd, J 
= 14.0, 11.0, 5.5 Hz, 1H), 2.64 (ddd, J = 13.5, 11.0, 5.5 Hz, 1H), 2.02 (q, J = 8.5 Hz, 1H), 
1.83 (ddt, J = 12.0, 10.0, 5.5 Hz, 1H), 1.73 (s, 3H), 1.71–1.60 (m, 4H), 1.24 (s, 6H), 1.23 
(s, 2H). 13C NMR (125 MHz, CDCl3) δ 140.57, 134.06, 131.49, 130.57, 129.47, 127.14, 
126.73, 124.92, 83.15, 33.30, 31.74, 26.02, 24.93, 24.71, 18.38. 11B NMR (160 MHz, 
CDCl3) δ 32.97. IR (neat) νmax 3066 (w), 2976 (m), 2925 (m), 2858 (m), 1572 (w), 1474 
(m), 1443 (m), 1370 (s), 1341 (s), 1317 (s), 1268 (m), 1244 (m), 1215 (m), 1165 (m), 1141 
(s), 1102 (m), 1053 (m), 986 (w), 876 (w), 855 (w), 838 (w), 750 (s), 679 (m) cm-1. HRMS 
                                                 
57 Sprout, C. M.; Richmond, M. L.; Seto, C. T. J. Org. Chem. 2005, 70, 7408. 
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(ESI+) calc. for C19H29BClO2 [M+H]+  335.1949, found 335.1945. [α]20D +2.70 c = 1.130, 
CHCl3, l =50 mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 according to Method A. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.153. 
 Racemic      Reaction product 
 
 
 
(S)-1-(2-Chlorophenyl)-5-methylhex-4-en-3-ol (3.153). The 
reaction was performed according to the Representative Procedure 
(Method D). The crude mixture was purified by silica gel chromatography (20% ethyl 
acetate/hexanes, stain in CAM) to afford the title compound as clear, colorless oil. Rf = 0.3 
in 7/2/1 hexanes/CH2Cl2/ethyl acetate on TLC. 1H NMR (500 MHz, CDCl3) δ 7.33 (dd, J 
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= 7.0, 1.0 Hz, 1H), 7.23 (dd, J = 7.0, 1.5 Hz, 1H), 7.18 (dt, J = 7.0, 1.0 Hz, 1H), 7.13 (dt, 
J = 8.0, 2.0 Hz, 1H), 5.23 (dt, J = 9.0, 1.5 Hz, 1H), 4.42 (dtd, J = 10.2, 6.6, 3.6 Hz, 1H), 
2.85-2.71 (m, 2H), 2.00 (t, J = 7.2 Hz, 2H), 1.91 (ddt, J = 12.6, 9.6, 6.0 Hz, 1H), 1.76 (ddt, 
J = 11.4, 9.6, 5.4 Hz, 1H), 1.66 (s, 3H), 1.41 (p, J = 7.2 Hz, 2H), 1.37 (d, J = 7.8 Hz, 1H), 
1.32-1.24 (m, 6H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 139.81, 135.86, 
134.09, 130.45, 129.60, 127.93, 127.40, 126.88, 68.41, 37.55, 29.83, 25.92, 18.41. IR (neat) 
νmax 3347 (br), 3066 (w), 3014 (w), 2967 (m), 2928 (m), 2863 (w), 1675 (w), 1571 (w), 
1474 (m), 1443 (m), 1376 (w), 1051 (s), 1035 (m), 1003 (w), 9112 (w), 844 (w), 823 (w), 
750 (s), 681 (w) cm-1. HRMS (ESI+) calc. for C13H16Cl [M+H-H2O]+  207.0941, found 
207.0938. [α]20D -34.8 (c = 0.680, CHCl3, l =50 mm). 
 
(S)-N,N-Dibenzyl-9-methyl-7-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)dec-8-enamide (3.110). The reaction was 
performed according to the Representative Procedure (Method D).  The crude reaction 
mixture was purified by column chromatography on SiO2 (10% ethyl acetate in hexanes, 
stain in CAM) to afford an inseparable mixture of the title compound and protodeboration 
of the geminal bis(boronate) 3.96. The mixture was oxidized according to the 
Representative Procedure (Method E) to 3.154. 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol. The racemic alcohol was prepared 
analogously with racemic 3.95 and the corresponding geminal bis(boronate) according to 
Method A. 
 
Chiral SFC (AD-H, Chiraldex, 3 mL/min, 20% MeOH, 100 bar, 35 oC)-analysis of 3.154. 
  Racemic      Reaction product 
 
 
 
(S)-N,N-Dibenzyl-7-hydroxy-9-methyldec-8-enamide 
(3.154). The reaction was performed according to the 
Representative Procedure (Method E).  The crude reaction mixture was purified by column 
chromatography on SiO2 (25% ethyl acetate in hexanes, stain in CAM) to afford the title 
compound as clear, colorless oil.  Rf = 0.29 in 40% ethyl acetate/hexanes on TLC.  1H 
NMR  (500 MHz, CDCl3) δ 7.35-7.38 (t, J = 6.5 Hz, 2H), 7.28-7.32 (m, 4H), 7.21 (d, J = 
7.0 Hz, 2H), 7.15 (d, J = 7.0 Hz, 2H), 5.14 (d, J = 9.0 Hz, 1H), 4.60 (s, 2H), 4.44 (s, 2H), 
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4.31 (q, J = 6.5 Hz, 1H), 2.41 (t, J = 7.5 Hz, 2H), 1.70-1.75 (m, 1H) 1.72 (s, 3H), 1.67 (s, 
(3H), 1.60-1.54 (m, 1H), 1.26-1.43 (m, 7H). 13C NMR  (125 MHz, CDCl3) δ 173.76, 
137.70, 136.80, 135.26, 129.08, 128.73, 128.44, 128.33, 127.72, 127.50, 126.51, 68.78, 
50.04, 48.24, 37.71, 33.31, 29.53, 25.92, 25.53, 25.41, 18.39. IR (neat) νmax 3422 (br), 
3062 (w), 3029 (w), 2926 (s), 2855 (m), 2363 (w), 2341 (w), 1637 (s), 1494 (m), 1451 (s), 
1361 (m), 1301 (w), 1215 (m), 1077 (m), 1011 (m), 954 (w), 732 (m), 699 (s).  HRMS 
(ESI) calc. for C25H33NO [M+H-H2O]+ 362.2484, found 362.2472. [α]20D -11.4 (c = 0.280, 
CHCl3, l = 50 mm). 
 
  3.7.2.7. Further Transformations of Allylic Boronate 3.104. 
 
(1R,2R)-2-Methyl-1-phenyl-2-((E)-4-phenylbut-1-en-1-yl)octan-1-
ol (3.118). After performing the enantiotopic-group-selective cross-
coupling (Method D), the crude mixture containing 3.104 was diluted with Et2O (3 mL) 
and filtered through Celite with additional Et2O (5 mL). The solvent was removed in vacuo 
and the crude residue transferred to a 2-dram vial with Et2O. The solvent was again 
removed under vacuum, and the vial equipped with a magnetic stir bar. After purging with 
N2, toluene (500 μL) was added. The reaction was left to stir and benzaldehyde (50 μL, 0.5 
mmol) was added. The reaction was heated to 60 °C for 24 hours under N2. Upon cooling 
to room temperature, the reaction was diluted with Et2O (3 mL) and filtered through a short 
pad of Celite with additional Et2O (5 mL). To simplify purification, the residue was further 
oxidized according to Method E and the title compound was obtained by silica gel 
chromatography (30% CH2Cl2/hexanes) as clear, colorless oil (28.0 mg, 80% yield). Rf = 
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0.4 in 50% CH2Cl2/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 7.30-7.63 (m, 10H), 
5.47 (dt, J = 15.5, 6.5 Hz, 1H), 5.34 (d, J = 16.0 Hz, 1H), 4.29 (s, 1H), 2.74 (t, J = 7.5 Hz, 
2H), 2.44 (q, J = 7.0 Hz, 2H), 1.88 (s, 1H), 1.36-1.04 (m, 10H), 0.87 (t, J = 7.0 Hz, 3H), 
0.83 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 141.84, 140.73, 136.74, 130.86, 128.62, 
128.51, 128.22, 127.49, 127.36, 126.06, 80.32, 45.24, 38.07, 36.06, 34.89, 32.03, 30.24, 
24.15, 22.82, 17.28, 14.22. IR (neat) νmax 3453 (br), 3085 (w), 3062 (w), 3027 (w), 2954 
(m), 2927 (s), 2856 (m), 1495 (w), 1453 (m), 1377 (w), 1037 (m), 981 (m), 745 (s), 699 (s) 
cm-1. HRMS (ESI+) calc. for C25H33 [M+H-H2O]+  333.2582, found 333.2576. [α]20D +34.1 
(c = 1.19, CHCl3, l =50 mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. The racemic alcohol was prepared analogously with racemic 3.95. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of 3.118. 
  Racemic      Reaction product 
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 (R,E)-5-methyl-1-phenylundec-3-en-5-ol (3.119).58 After performing 
the cross-coupling (Method D), the crude mixture containing 3.104 was diluted with Et2O 
(3 mL) and filtered through Celite with additional Et2O (5 mL). The solvent was removed 
in vacuo and the crude residue transferred to a 2-dram vial with Et2O. The solvent was 
again removed under vacuum, and the vial equipped with a magnetic stir bar. After purging 
with N2, THF (1 mL) was added and the reaction was allowed to cool to 0 °C. Nitrobenzene 
(32.1 mg, 0.30 mmol) was added as a solution in THF (1 mL) via syringe. The reaction 
was warmed to room temperature and left to stir under N2 for one hour. The reaction was 
re-cooled to 0 °C and 3M NH4OH(aq) (500 μL, 1.6 mmol) was added. The reaction was 
warmed to room temperature and left to stir under N2 for 16 hours. To quench, the reaction 
was diluted with Et2O (3 mL) and filtered through a plug of silica with additional Et2O (5 
mL). The solvent was removed under vacuum. To simplify purification, the crude residue 
was further oxidized according to Method E, and the title compound was obtained by silica 
gel chromatography (20% CH2Cl2/hexanes to 40% CH2Cl2/hexanes) as clear, yellow oil 
(16.4 mg). Rf = 0.3 in 50% CH2Cl2/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 7.29-
7.25 (m, 2H), 7.20-7.15 (m, 3H), 5.63 (dtd, J = 15.5, 6.5, 2.0 Hz, 1H), 5.51 (dd, J = 15.5, 
1.5 Hz, 1H), 2.70 (t, J = 8.0 Hz, 2H), 2.36 (ddd, J = 15.5, 8.0, 1.0 Hz, 2H), 1.46 (m, 2H), 
1.32-1.20 (m, 12H), 0.89 (t, J = 6.0 Hz, 3H).  13C NMR (125 MHz, CDCl3) δ 141.96, 
137.96, 128.62, 128.39, 126.96, 125.92, 72.92, 43.00, 36.00, 34.19, 31.96, 29.88, 28.08, 
24.10, 22.78, 14.22. IR (neat) νmax 3470 (br), 3026 (w), 2956 (m), 2928 (s), 2856 (m), 1454 
                                                 
58 Kyne, R. E.; Ryan, M. C.; Kliman, L. T.; Morken, J. P. Org. Lett. 2010, 12, 3796. 
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(m), 1375 (w), 971 (m), 746 (m), 698 (s)  cm-1. HRMS (ESI+) calc. for C18H27 [M+H-
H2O]+  243.2113, found 243.2102. [α]20D -0.704 (c = 0.690, CHCl3, l =50 mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. The racemic alcohol was prepared analogously with racemic 3.95. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 5% iPrOH, 100 bar, 35 °C)-analysis of 3.119. 
  Racemic      Reaction product 
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 3.7.2.8. Structure Proof of 3.119.  
 
The absolute structure of 3.119 was determined by ozonolysis/reduction to the 
corresponding diol 3.155, and subsequent comparison with the Sharpless Asymmetric 
Dihydoxylation59 product of 2-methyloct-1-ene, which is known to afford the (R)-isomer 
using AD-mix-β.60 Racemic 3.155 was prepared according to a literature precedent.61 
 
 
(R)-2-Methyloctane-1,2-diol (3.155). A 4-dram vial was charged with 
3.119 (55 mg, 0.21 mmol), CH2Cl2 (2 mL), and MeOH (2 mL). The reaction 
was left to stir and allowed to cool to -78 °C. A stream of O3 was bubbled into the reaction 
for approximately 3 minutes as the color changed from bright yellow to red/brown. NaBH4 
(76 mg, 2.0 mmol) was added as solid. The reaction was left to stir at -78 °C for 5 minutes 
before warming to room temperature and further stirring for 12 hours. H2O (2 mL) was 
added and the reaction was poured into a separatory funnel with ethyl acetate (10 mL). The 
layers were separated and the aqueous layer was extracted with ethyl acetate (4 x 10 mL). 
The organic layers were combined, dried over Na2SO4(s), filtered and concentrated in vacuo. 
The crude material was purified by silica gel chromatography (20% ethyl acetate/hexanes 
                                                 
59 Sharpless, K. B.; Amberg, W.; Bennani, Y. L.; Crispino, G. A.; Hartung, J.; Jeong, K.; Kwong, H.; 
Morikawa, K.; Wang, Z.; Xu, D.; Zhang, X. J. Org. Chem. 1992, 57, 2768. 
60 Arasaki, H.; Iwata, M.; Nishimura, D.; Itoh, A.; Masaki, Y. Synlett, 2004, 3, 546. 
61 Albert, B. J.; Sivaramakrihnan, A.; Naka, T.; Czaicki, N. L.; Koide, K. J. Am. Chem. Soc. 2007, 129, 
2648. 
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to 30% ethyl acetate/hexanes) to afford the title compound as clear, colorless oil (11.7 mg, 
38% yield). Rf = 0.3 in 50% ethyl acetate/hexanes on TLC. The spectral data matched those 
reported in the literature.62 The diol was further converted to the acetonide upon heating to 
60oC with dimethoxypropane (1 mL) and a single crystal of pTsOH for 20 minutes. The 
reaction was allowed to cool to room temperature, filtered through a pad of silica gel with 
ether (5 mL), and concentrated in vacuo. 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral GC analysis 
of the corresponding acetonide which was prepared as follows: 
 
 
The diol was combined with dimethoxypropane (1 mL) and a single crystal of pTsOH, and 
heated to 60 °C for 20 minutes. The reaction was allowed to cool to room temperature, 
filtered through a pad of silica gel with ether (5 mL), and concentrated in vacuo to afford 
acetonide 3.156. 
 
Chiral GC (β-Dex 120, Supelco, 100 °C for 5 minutes, then ramp 1.0 °C/min, 20 psi – 
analysis of 3.156. 
    
 
                                                 
62 Park, J.; Pedersen, S. F. Tetrahedron, 1992, 48, 2069. 
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         Racemic 
                
 
 
(R)-Isomer from AD-mix-β 
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Reaction product 3.156. 
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  3.7.2.9. Mass-Spec Analysis 
. 
3.120 was prepared according to a literature procedure.42 
 
A.  Using 3.95PdCl2 and assuming inversion during coupling: 
note: bis(boronate) starting material (3.120) = 98:2 er 
 cross-coupling reaction selectivity = 93:7 er 
 natural abundance of boron is 10B:11B = 19.9:80.1  
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Spectrum 3.1: Mass Spectrum corresponding to the cross-coupling of 3.120 with 
3.95PdCl2 as described in Part A of Section 3.6.2.8. 
524 
B.  Using ent-3.95PdCl2 assuming inversion during coupling: 
note:   bis(boronate) starting material (3.120) = 98:2 er 
 cross-coupling reaction selectivity = 93:7 er 
 natural abundance of boron is 10B:11B = 19.9:80.1  
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Spectrum 3.2: Mass Spectrum corresponding to the cross-coupling of 3.120 with  
ent-3.95PdCl2 as described in Part B of Section 3.6.2.8. 
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Chapter 4 
Cross-Coupling of Enantioenriched Allylic Boronic Esters to  
Access Quaternary Carbon Stereogenic Centers 
 
4.1 Introduction 
 The synthesis of enantioenriched all carbon quaternary stereogenic centers remains 
a challenge in the context of asymmetric catalysis. Common methods to access these 
compounds include enantioselective allylation, conjugate addition, alkylation, 
stereospecific rearrangements, cycloadditions, and aldol and Mannich reactions.1 Notably, 
cross-coupling is missing from the classes of reactions that are used to construct quaternary 
stereogenic centers. Likely, this has to do with the fact that highly hindered tertiary 
organopalladium intermediates would be required to furnish such a cross-coupling. The 
ability to conduct such a coupling, however, would provide a modular route to these 
difficult-to-access substrates and complement the currently known methods. As it has been 
shown that palladium complex catalyzed allyl-allyl cross-coupling can be used to furnish 
quaternary stereogenic centers, it can be envisioned that other classes of electrophiles could 
act as competent cross-coupling partners to allyl nucleophiles. Hence, these substrates 
could be used to furnish quaternary stereogenic centers.2  
                                                 
1 For reviews see: (a) Das, J. P.; Marek, I. Chem. Commun. 2011, 47, 4593. (b) Hong, A. Y.; Stolz, B. M. 
Eur. J. Org. Chem. 2013, 14, 2745. (c) Quasdorf, K. W.; Overman, L. E. Nature 2014, 516, 181. (d) Marek, 
I.; Minko, Y.; Pasco, M.; Mejuch, T.; Gilboa, N.; Chechik, H.; Das, J. P. J. Am. Chem. Soc. 2014, 136, 
2682. (e) Eppe, G.; Didier, D.; Marek, I. Chem. Rev. 2015, 115, 9175. 
2 (a) Flegeau, E. F.; Schneider, U.; Kobayashi, S. Chem. Eur. J. 2009, 15, 12247. (b) Zhang, P.; Brozek, L. 
A.; Morken, J. P. J. Am. Chem. Soc. 2010, 132, 10686. (c) Zhang, P.; Le, H.; Kyne, R. E.; Morken, J. P. J. 
Am. Chem. Soc. 2011, 133, 9716. (d) Jiménez-Aquino, A.; Flegeau, E. F.; Schneider, U.; Kobayashi, S. 
Chem. Commun. 2011, 47, 9456. (e) Brozek, L. A.; Ardolino, M. J.; Morken, J. P. J. Am. Chem. Soc. 2011, 
133, 16778. (f) Le, H.; Kyne, R. E.; Brozek, L. A.; Morken, J. P. Org. Lett. 2013, 15, 1432. (g) Le, H.; 
607 
 Allyl metal reagents are useful synthetic tools in the context of organic synthesis. 
Often, however, these reagents undergo 1,3-metallotropic rearrangement where the allylic 
metal species can interconvert between their linear (4.1) and branched isomers (4.2) 
(Scheme 4.1), and through this isomerization, enantioenriched branched isomers can 
undergo racemization. This type of rearrangement occurs rapidly with many allyl metal 
reagents such as palladium-, platinum-, nickel-, magnesium-, lithium-, chromium-, and 
titanium-bound allyl reagents rendering them configurationally unstable and non-isolable.3 
Alternatively, allyl silanes, stannanes, and boron reagents are typically configurationally 
stable and do not undergo isomerization as readily. The stability of allyl boron reagents 
depends heavily on the ligands on boron. Although allylboranes are only stable at low 
temperature (-78 °C), di-amino substituted allylic boronic esters can be stabled up to 150 
°C.4 Despite the fact that they are configurationally unstable, cross-coupling has been 
shown with allylboranes.5 Allylic boronic esters are particularly useful allyl metal 
rearrangements because they are configurationally stable at room temperature and do not 
undergo isomerization and racemization through 1,3-metallotropic rearrangements.6 
Moreover, they can be used to react with electrophiles under relatively mild conditions. 
This means that regio- and stereodefined allylboron species can be isolated, characterized, 
and readily used in stereospecific transformations.  
 
                                                 
Batten, A.; Morken, J. P. Org. Lett. 2014, 16, 2096. (h) Ardolino, M. J.; Morken, J. P. J. Am. Chem. Soc. 
2014, 136, 7092. 
3 Schlosser, M.; Stähle, M  Angew. Chem. Int. Ed. Engl. 1980, 19, 487. 
4 (a) Hancock, K. G.; Kramer, J. D. J. Am. Chem. Soc. 1973, 95, 6463. (b) Hancock, K. G.; Kramer, J. D. J. 
Organomet. Chem. 1974, 64, C29. (c) Chen, J. L.-Y.; Scott, H. K.; Hesse, M. J.; Willis, C. L.; Aggarwal, 
V. K. J. Am. Chem. Soc. 2013, 135, 5316.  
5 (a) Fürstner, A.; Seidel, G. Synlett, 1998, 161. (b) Fürstner, A.; Letiner, A. Synlett, 2001, 290. 
6 See Chapter 1, ref 55. 
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Scheme 4.1. Metallotropic rearrangement 
 
 
Whereas perhaps the most common use for enantioenriched allylboron reagents is 
as substrates in carbonyl allylation reactions, they are also able to participate as substrates 
in the Suzuki-Miyaura cross-coupling. This was observed often during the development of 
the Suzuki-Miyaura cross-coupling discussed in Chapter 3, where over-coupling of the 
desired allylic boronic ester resulted in the formation of an undesired bis-coupled product. 
 
4.2 Background 
 4.2.1. Modes of Transmetalation of Allylic Boron Compounds. Part of the reason 
allylic boronic esters are useful synthetic reagents, is because it is possible to make bonds 
to either the α or γ positions of the allyl fragment, leading to either linear or branched 
product isomers. The observed product can be controlled by changing the reaction 
conditions to alter reaction pathways. With palladium complexes specifically, such control 
is possible due to ability of the allyl boron fragment to undergo transmetalation in two 
different ways (Scheme 4.2). A direct transmetalation of an allylboron reagent 4.3 occurs 
(analogous with reactions of aryl or alkyl boronic esters) establishing a bond to palladium 
at the α-carbon of the allyl fragment to give 4.4 in a SE2 transmetalation (Scheme 4.2a, eq 
1). Alternatively, SE2’ transmetalation can occur which results in direct bond formation to 
the γ-carbon of the allyl fragment, giving 4.6 (Scheme 4.2a, eq 2). Further complicating 
these systems, the two regioisomeric organopalladium complexes are able to interconvert 
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via σ-π-σ-allyl isomerization involving intermediate 4.5. Morevoer, both modes of 
transmetalation can occur via two different pathways. With the SE2 case (Scheme 4.2b), 
similar to that of alkyl boronic esters discussed in chapter 3, a closed four-membered 
transition state (4.7) leads to the linear product 4.4 (Scheme 4.2b, eq 3). Alternatively, an 
open path is possible with four-coordinate boron ate species (4.8) adding to the palladium 
center to give the same alkyl palladium intermediate 4.4 (Scheme 4.2b, eq 4). With the 
SE2’ transmetalation (Scheme 4.2c), either the four-coordinate boron ate species 4.8 attacks 
from the γ-position in an anti-SE2’ transmetalation (Scheme 4.2c, eq 5) to give the branched 
intermediate 4.6. Alternatively, and more commonly observed, a closed 6-membered 
pathway (4.9) can occur through a linkage (typically an oxygen bridge) between palladium 
and boron, to lead to a syn-SE2’ transmetalation to give 4.6 (Scheme 4.2c, eq 6). When re-
drawn as an organized chair structure transition state (4.10), it becomes more apparent that 
engaging enantioenriched substrates in the reaction could lead to reactions with high 
stereospecificity. These pathways are analogous to those proposed for the transmetalation 
of allylic silanes in Hiyama and Hiyama-Denmark couplings.7 Regiocontrol in allylic 
boronic ester cross-couplings requires control of both the mode of transmetalation, and the 
σ-π-σ interconversion pathways. 
 
 
 
 
                                                 
7 (a) Hatanaka, Y.; Hiyama, T. J. Am. Chem. Soc. 1990, 112, 7793. (b) Hatanaka, Y.; Goda, K.; Hiyama, T. 
Tetrahedron Lett. 1994, 35, 1279. (c) Denmark, S. E.; Werner, N. S. J. Am. Chem. Soc. 2008, 130, 16393. 
(d) Denmark, S. E.; Werner, N. S. J. Am. Chem. Soc. 2010, 132, 3612. 
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Scheme 4.2. Transmetalation modes for allylic boronic esters 
 
 
 4.2.2. Cross-Coupling of Allylic Boronic Esters. In 1987, Hallberg reported the 
first cross-coupling with allyl B(pin) (4.11) and aryl iodides. In an attempt to perform a 
Heck reaction on an allyl boronate, a cross-coupling occurred instead (Scheme 4.3).8 A 
complex mixture of products was observed that included Suzuki-Miyaura product 4.12 and 
its regioisomer 4.13. 4.14 (a possible Heck product of 4.12), and alkene isomerization 
product 4.15 were also observed. Other arylated propenylboronates were also isolated from 
the mixture. With improved conditions that use Pd(PPh3)4 and NaOMe, up to 50% 
conversion of iodobenzene could be obtained, with 4.12 being the only product formed. 
                                                 
8 Nilsson, K.; Hallberg, A. Acta. Chem. Scand. 1987, 41b, 569 
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The authors do not propose a mechanism that proceeds via a transmetalation of the boronic 
ester moiety, but instead propose a mechanism in which an alkyl palladium Heck 
intermediate undergoes a β-boryl elimination instead of the desired β-hydride elimination.  
 
Scheme 4.3. Hallberg’s allylboron cross-coupling 
 
 
  Due to the low product selectivity observed in early allyl cross-couplings, these 
reactions saw little use for several years until improved conditions were found. In 1996, 
Kalinin and co-workers reported the cross-coupling between allylboronate 4.16 and 
iodobenzene (Scheme 4.4a).9 Exclusive cross-coupling was observed under more mild 
conditions compared to Hallberg’s example. However, a more reactive and less stable 
boron reagent (4.16) was used.  
 
Scheme 4.4. Kalinin’s Suzuki cross-coupling with allyl boronic esters 
 
 
                                                 
9 Kalinin, V. N.; Denisov, F. S.; Bubnov, Y. N. Mendeleev Communications, 1996, 206. 
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 After Kalinin’s report, the synthetic utility of these allyl cross-coupling reactions 
became apparent and they began to see more use. In 2001, Occhiato and co-workers 
showed that functionalized vinyl triflate substrates such as 4.17 could act as competent 
electrophiles in allylboronate cross-coupling to give 4.18 (Scheme 4.5, eq 1).10 Kotha and 
co-workers showed various aryl iodides and bromides (but not chlorides) could be coupled 
to allyl B(pin) (Scheme 4.5, eq 2).11 Under similar conditions to Occhiato’s, Rossi and co-
workers showed indole derived triflate electrophiles such as 4.19 could also be coupled to 
allyl B(pin) to give 4.20 (Scheme 4.5, eq 3).12 While these examples offer powerful access 
to allyl-containing products, they all employ unsubstituted allyl boron reagents. With 
simple allyl boron reagents, both a γ- or α-coupling leads to the same product and therefore 
does not need to be controlled. The introduction of substitution on the allyl fragment leads 
to the necessity to control regioselectivity. 
 
 
 
 
 
 
 
 
 
 
                                                 
10 Occhiato, E. G.; Trabocchi, A.; Guarna, A. J. Org. Chem. 2001, 66, 2459. 
11 Kotha, S.; Behera, M.; Shah, V. R. Synlett, 2005, 12, 1877. 
12 Rossi, E.; Abbiati, G.; Canevari, V.; Celentano, G.; Magri, E. Synthesis, 2006, 299. 
613 
Scheme 4.5. Early examples of cross-couplings with allyl B(pin) 
 
  
 In 2006, Szabó and co-workers reported the branched selective cross-coupling of 
allylic boronic acids and aryl iodides (Scheme 4.6a).13 The authors propose a mechanism 
analogous to one proposed by Hallberg (Scheme 4.6b). First, they propose a 
carbopalladation occurs to give alkyl palladium intermediate A which upon β-boryl 
elimination furnishes the observed product B. They do not propose a mechanism involving 
a transmetalation of the allyl B(pin) moiety and suggest there is no intermediacy of a Pd-
π-allyl. The reason they conclude this, is because in Pd-catalyzed allylic substitution 
reactions with aryl nucleophiles and allyl electrophiles, isomerization through a π-allyl 
typically favors the linear product.14   
 
 
                                                 
13 Sebelius, S.; Olsson, V. J.; Wallner, O. A.; Szabó, K. J. J. Am. Chem. Soc. 2006, 128, 8150. 
14 (a) Godleski, S. A. In Comprehensive Organic Synthesis; Trost, B. M., Fleming, I., Eds.; Pergamon 
Press: New York, 1991; Vol. 4, Chapter 3.3. (b) Szabó, K. J. Chem. Soc. Rev. 2001, 30, 136. (c) Jonasson, 
C.; Kritikos, M.; Bäckvall, J.-E.; Szabó, K. J. Chem.-Eur. J. 2000, 6, 432. 
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Scheme 4.6. Szabó’s branched-selective cross-coupling of ally boronic acids 
 
 
 Later, Organ reported an α-coupling of allylic boronic esters and aryl iodides, 
bromides, and chlorides (Scheme 4.8, eq. 1).15 A Pd-PEPPSI-IPent (4.35) was used to give 
exclusively the α-coupling product. When Pd(PPh3)4 was used under the same conditions, 
an 82:18 γ:α product ratio was observed. In order to probe the mechanism and determine 
whether a π-allyl intermediate was involved, the authors used unsymmetrical allylic 
boronic ester (4.36) to investigate whether alkene isomerization would occur during the 
reaction (Scheme 4.5, eq. 2). When E-4.36 was used in the reaction, the α product was 
observed exclusively, however some isomerization of the alkene occured to give an 80:20 
E/Z product ratio. The isomerization was more extensive when Z-4.36 was used with the 
                                                 
15 Farmer, J. L.; Hunter, H. N.; Organ, M. G. J. Am. Chem. Soc. 2012, 134, 17470. 
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α-product isolated in 62% yield but only 45:55 E:Z ratio. This outcome indicates that there 
was some isomerization through a π-allyl intermediate, although not complete 
equilibration. If complete equilibration occurred, the same 80:20 E:Z ratio would be 
expected. They attributed this outcome to a fast reductive elimination that likely occurs 
with bulky 4.35 as had been previously proposed by this group.16 The authors then 
proceeded to probe the mechanism of the transmetalation step. As discussed above, allyl 
boron moieties can transmetalate via SE2 or SE2’ mechanisms. In order to probe which was 
operative they engaged 4.39, the regioisomer of 4.31, in the reaction (Scheme 4.5, eq. 3). 
Low conversion (6%) to the γ-product was observed with catalyst 4.35. The authors suggest 
this to mean the transmetalation with 4.35 does not undergo under a SE2’ mechanism 
readily, due to the large steric bulk around the metal center. With 4.39 being a tertiary 
boronic ester, it is too hindered to undergo SE2 transmetalation and therefore does not 
efficiently cross-couple. Using Pd(PPh3)4 as a catalyst,  however, 30% conversion was 
observed and gave a 30:70 ratio of the γ:α product. With this catalyst, both SE2 and SE2’ 
transmetalation pathways could be operative.  
 
  
                                                 
16 (a) Calimsiz, S.; Sayah, M.; Mallik, D.; Organ, M. G. Angew. Chem. 2010, 122, 2058; Angew. Chem., 
Int. Ed. 2010, 49, 2014. (b) Valente, C.; Belowich, M. E.; Hadei, N.; Organ, M. G. Eur. J. Org. Chem. 
2010, 4343. (c) Calimsiz, S.; Organ., M. G. Chem. Commun. 2011, 47, 5181. 
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Scheme 4.8. Organ’s α-selective cross-coupling of allylic boronic esters 
 
 
 Considering this information, Organ and co-workers propose the following 
mechanism (Scheme 4.9). Oxidative addition of a Pd(0) complex gives Pd(II) intermediate 
B which undergoes a SE2 transmetalation with the allylboron species C to give intermediate 
D; upon fast reductive elimination, D gives the observed α-product E. Unfavored pathways 
are shown in gray, and include the limited σ-π-σ interconversion between π-allyl 
intermediate F to give the tertiary alkyl palladium intermediate G, which upon reductive 
elimination furnishes the minor γ-isomer H. Intermediate G can alternatively be accessed 
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directly through an SE2’ transmetalation that is also shown. The specific details about the 
SE2 transmetalation describing whether an inner-sphere mechanism between a three 
coordinate boron species and hydroxo-Pd(II) or an outer-sphere mechanism with a four 
coordinate boron ate species and a hydroxo- or halo-substituted Pd(II) intermediate are not 
discussed. While this is a useful method to access linear allyl products, only allyl fragments 
with γ,γ-disubstitution are used. While the authors do not comment on their reactivity, the 
SE2’ transmetalation pathway with less hindered γ-monosubstituted substrates may be 
more competitive, and perhaps lower α:γ ratios would be observed. 
 
Scheme 4.9. Organ’s proposed mechanism 
 
 
 Soon after Organ’s report, Buchwald and co-workers showed the cross-coupling of 
allylic boronic esters wherein the α:γ selectivity could be controlled by the ligand on 
palladium and by altering reaction conditions (Scheme 4.10).17 The authors use a bulky 
                                                 
17 Yang, Y.; Buchwald, S. L. J. Am. Chem. Soc. 2013, 135, 10642. 
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tBu-XPhos ligand (4.42) to inhibit SE2’ transmetalation and promote a direct SE2 pathway 
to access the linear α-products. Other ligands also gave selectivity for the branched γ-
product, and ligand 4.43 offered the highest isolated yields and excellent branched 
selectivity. Prenyl derivatives as well as allylic boronates with unsymmetrical γ,γ-
disubstitution were competent under both sets of reaction conditions. Some scrambling of 
olefin geometry was noticed in these cases, similar to what was observed by Organ. These 
results indicate the presence of a post-transmetalation Pd-π-allyl intermediate that undergo 
partial equilibration through the σ-π-σ interconversion similar to Organ’s case discussed 
above (Scheme 4.9).  
 
Scheme 4.10. Buchwald’s α and γ selective cross-coupling of allylic boronic esters 
 
 
 In order to gain insights into the mechanism, Buchwald and co-workers use both 
regioisomers of prenyl B(pin) (4.31 and 4.39) under both sets of reaction conditions (Table 
4.1). Under the α-selective conditions, 4.31 undergoes smooth conversion to the linear 
product 4.44 (Table 4.1 entry 1) likely via SE2 transmetalation with fast reductive 
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elimination and minimal isomerization. Interestingly, 4.39 undergoes a net γ-coupling 
under these conditions to also give linear product 4.44. Likely due to the steric bulk 
associated with ligand 4.42, the formation of the tertiary alkyl palladium species is 
unfavored and therefore unlikely to form the branched product 4.45. This can either occur 
from a SE2’ transmetalation and direct reductive elimination or from a SE2 transmetalation 
followed by fast isomerization to the linear product followed by reductive elimination. 
Under the γ-selective conditions, 4.31 is unsurprisingly cleanly converted into the branched 
product 4.45 (Table 4.1 entry 3). Compound 4.39, under these conditions, gives a mixture 
of the linear and branched products which still favors the branched product 4.45 (Table 4.1 
entry 4). This implies there is not complete isomerization through a π-allyl under this set 
of conditions. Similar to Organ’s examples, only γ,γ-disubstituted allylic boronic esters are 
used, so it is unknown if β-monosubstituted allylic boronic esters would be cross-coupled 
in an α-selective manner. 
 
Table 4.1. Mechanistic investigations 
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 In the same year as Organ’s report, Crudden and co-workers reported the cross-
coupling of racemic secondary allylic boronic esters with aryl iodides (Table 4.2).18 Silver 
oxide is used to promote the cross-coupling. As the authors show in their stereospecific 
cross-coupling of benzylic boronic esters, silver oxide promotes the transmetalation of the 
boronic ester by facilitating a closed shell transition structure with an oxo bridge between 
palladium and boron (see Scheme 3.7). Replacing silver oxide with cesium carbonate 
results in no reaction. This supports a mechanism involving the transmetalation of the 
allylic boronic ester as opposed to an addition/elimination mechanism described by both 
Hallberg and Szabó as discussed above. The authors find that with alkyl substituted allylic 
boronic esters the γ-product is favored (Table 4.2 entries 1-6), however, with sytrenyl 
boronic esters either no selectivity is observed (Table 4.2 entry 7) or the α-product is 
favored (Table 4.2 entries 8-10). The authors propose that in both cases an SE2’ 
transmetalation occurs and in the case of the alkyl substituted allylic boronic esters a fast 
reductive elimination leads to predominantly the γ-product. For the styrenyl examples, the 
SE2’ transmetalation is followed by π-allyl isomerization which is more competitive due to 
the re-conjugation of the olefin and phenyl ring, then reductive elimination to give the net 
α-coupled product.  
 
  
                                                 
18 Glasspoole, B. W.; Ghozati, K.; Moir, J. W.; Crudden, C. M. Chem. Commun. 2012, 48, 1230. 
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Table 4.2. Crudden’s cross-coupling of racemic secondary allylic boronic esters. 
 
 
 4.2.3. Stereospecific Cross-Coupling of Allylic Boronic Esters. Due to the 
configurational stability of allylic boronic esters, they can be applied to stereospecific 
cross-couplings. Crudden and co-workers in collaboration with Aggarwal and co-workers 
developed a stereospecific variation of their cross-coupling with enantioenriched allylic 
boronic esters (Scheme 4.11).19 The Aggarwal group had previously shown an analogous 
stereospecific transformation on enantioenriched propargylic boronic esters to access 
enantioenriched allenes.20 Typically, very high γ:α ratios were observed except in the case 
with styrenyl boronic esters (when R3=Ph), where the α-product is favored (61:39 α:γ). 
While a variety of both E and Z substrates are used, no allylic substrates with γ,γ-
                                                 
19 Chausset-Boissarie, L.; Ghozati, K.; LaBine, E.; Chen, J. L.-Y.; Aggarwal, V. K.; Crudden, C. M. Chem. 
Eur. J. 2012, 19, 17698. 
20 Partridge, B. M.; Chausset-Boissarie, L.; Burns, M.; Pulis, A. P.; Aggarwal, V. K. Angew. Chem. 2012, 
124, 11965; Angew. Chem. Int. Ed. 2012, 51, 11795. 
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disubstitution to access quaternary stereogenic centers are used (either R2 or R3 always = 
H). The observed stereochemistry is consistent with a syn-SE2’ transmetalation where the 
aryl replaces the boron across the same face of the olefin.  
 
Scheme 4.11. Crudden and Aggarwal’s stereospecific cross-coupling 
 
 
 The authors found that the enantiomer of product obtained was dependent upon the 
olefin isomer of the starting allylic boronic ester used (Scheme 4.12a). The observed 
stereochemistry is consistent with a syn-SE2’ transmetalation where the aryl group replaces 
the boron across the same face of the olefin. Next, Crudden, Aggarwal, and co-workers 
investigate whether the reaction proceeds through the intermediacy of a Pd-π-allyl species 
(Scheme 4.12b). Deuterium-labeled substrate 4.48 was engaged in the reaction and an 
85:15 ratio of the γ:α products was observed. Because a symmetrical π-allyl would be 
formed in this case, equal mixtures of 4.49 and 4.50 would occur if there was isomerization 
through a Pd-π-allyl. This supports the pathway with syn-SE2’ transmetalation followed by 
fast reductive elimination. The authors propose that the low observed γ:α selectivity for 
styrenyl substrates is due to a more favored π-allyl isomerization that occurs after the SE2’ 
transmetalation instead of a competitive SE2 transmetalation. After the SE2’ 
transmetalation from a styrenyl boronic ester, likely the σ-π-σ isomerization occurs more 
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readily due to the increased stability that comes from re-conjugation of the olefin to the 
phenyl ring and becomes more competitive with the reductive elimination. 
 
Scheme 4.12. Mechanistic insights to Crudden and Aggarwal’s cross-coupling 
 
 
 4.2.4. Enantioselective Cross-Coupling of Allylic Boronic Esters. While less 
abundant, enantioselective cross-couplings between allylic boronates and aryl electrophiles 
are known. In this case, unlike with the stereospecific reactions, achiral starting materials 
are used to access enantioenriched products. Whereas enantioselective allyl-allyl cross-
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couplings have been well studied,21 enantioselective allyl boron cross-couplings with non-
allyl electrophiles are rare, and only one example has been reported. This could be 
attributed to the fact that the products of these reactions can be accessed through the much 
more well-known enantioselective allylic substitution reactions in which the allyl fragment 
comes from the electrophile and not the boron nucleophile. Enantioselective reactions of 
this type have been extensively studied in Tsuji-Trost-type reactions with palladium 
complexes as well as in copper, nickel, iridium, and other transition-metal catalyzed 
systems with a wide variety of nucleophiles and allyl electrophiles.22 
 In 2006, Miyaura reported the enantioselective cross-coupling of crotyl 
trifluoroborate potassium salt (4.51) with bromide electrophiles using a chiral Josiphos 
ligand (4.52) and palladium (Scheme 4.14).23 Both aryl and alkenyl bromides could be used 
in the reaction to furnish enantioenriched branched products in high γ:α ratios. Substrates 
with ortho substitution gave low enantioselectivity (<10% ee) but electrophiles with para 
or meta substitution gave high selectivity. In a later publication, the authors probed the 
mechanism of the transmetalation and the origin of the enantioinduction.24 They conclude 
that there is no formation of a π-allyl complex due to the exclusive isolation of the γ-product 
and that a direct SE2’ transmetalation followed by reductive elimination leads to the desired 
product.  
  
                                                 
21 See ref. 2. 
22 For reviews see: (a) Trost, B. M.; Van Vranken, D. L. Chem. Rev. 1996, 96, 395. (b) Trost, B. M.; 
Crawley, M. L. Chem Rev. 2003, 103, 2921. (c) Falciola, C. A.; Alexakis, A. Eur. J. Org. Chem. 2008, 
3765. (d) Butt, N. A.; Zhang, W. Chem. Soc. Rev., 2015, 44, 7929.  
23 Yamamoto, Y.; Takada, S.; Miyaura, N. Chem. Lett. 2006, 35, 1368. 
24 Yamamoto, Y.; Takada, S.; Miyaura, N. Organometallics, 2009, 28, 152. 
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Scheme 4.14. Miyaura’s enantioselective cross-coupling of crotyl potassium trifluoroborate 
salt 
 
 
 Miyaura and co-workers used Hammett analysis and DFT calculations to conclude 
that a pre-transmetalation cationic palladium complex initially forms, and is the 
intermediate that undergoes transmetalation with the allylic boronate (Scheme 4.15a). The 
authors synthesize a cationic palladium complex (4.52) with achiral ligand D(tBu)PF and 
find that it is competent in the reaction to give 4.53, further supporting their proposal. Either 
an anti-SE2’ (4.56) or syn-SE2’ (4.57) transmetalation can occur and, while neither can be 
definitively ruled out, DFT calculations at the B3LYP/LANL2DZ level show no 
stabilization is gained from internal chelation between boron and palladium through a 
fluoride linkage, and therefore conclude that the open SE2’ transmetalation (4.56) is likely 
operative. The authors therefore propose the following mechanism: oxidative addition 
adduct 4.54 loses the bromide ligand to give cationic Pd-bound intermediate 4.55 which, 
through anti-SE2’ transmetalation, gives branched Pd-alkyl intermediate 4.58; upon fast 
reductive elimination without π-allyl isomerization furnishes the product 4.59 (Scheme 
4.15b). 
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Scheme 4.15. Miyaura’s enantioselective cross-coupling 
 
 
 4.2.4. Proposed γ-Selective Cross-Coupling of Allylic Boronic Esters to Generate 
Quaternary Centers. Despite the advances in stereospecific and enantioselective cross-
coupling, enantioenriched γ,γ-disubstituted allylic boronic esters have never been used in 
cross-coupling to access enantioenriched products with all carbon quaternary stereogenic 
centers. A plausible reason for this is the fact that these enantioenriched starting materials 
were not readily accessible. As discussed in Chapter 3, we recently developed a method to 
efficiently access these substrates (A, Scheme 4.16) in good yields and with high 
enantioselectivity. If these substrates are then able to participate in a stereospecific γ-
selective cross-coupling, complex enantioenriched products (B) Scheme 4.16). As the 
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formation of all-carbon quaternary carbon stereogenic centers is still a challenge in organic 
synthesis, we thought this would be an effective way to access these substrates.25  
 
Scheme 4.16. Proposed γ-selective cross-coupling 
 
 
4.3 Development of Cross-Coupling26 
 4.3.1. Initial Efforts in One-Pot Cross-Coupling.  Our initial efforts began with 
investigating whether one-pot methods could be used to access the desired product. We 
envisioned that perhaps the PdJosiphos complex (4.60) used in the first cross-coupling to 
give 4.63 (Scheme 4.17) could be used as the catalyst for the desired second coupling to 
give 4.64. We hoped that simply adding a second electrophile after the first cross-coupling, 
and perhaps altering the reaction conditions, could furnish the desired product. As 
discussed in chapter 3, 4.60 (Scheme 4.17) was found to be the optimal complex because 
it did not participate in a second cross-coupling at room temperature and was able to give 
the allylic boronic ester 4.63 in good yield. We hoped by doing the first cross-coupling at 
room temperature and then adding a second electrophile and increasing the temperature to 
                                                 
25 (a) Das, J. P.; Marek, I. Chem. Commun. 2011, 47, 4593. (b) (b) Hong, A. Y.; Stolz, B. M. Eur. J. Org. 
Chem. 2013, 14, 2745. (c) Quasdorf, K. W.; Overman, L. E. Nature 2014, 516, 181. (d) Marek, I.; Minko, 
Y.; Pasco, M.; Mejuch, T.; Gilboa, N.; Chechik, H.; Das, J. P. J. Am. Chem. Soc. 2014, 136, 2682. (e) 
Eppe, G.; Didier, D.; Marek, I. Chem. Rev. 2015, 115, 9175. 
26 This work was done in collaboration with Morken group co-worker Bowman Potter. See: Potter, B.; 
Edelstein, E. K.; Morken, J. P. Org. Lett. 2016, 18, 3286. 
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60 °C, the bis-coupling product 4.64 could be isolated (Scheme 4.17). Unfortunately, 4.64 
was isolated in only 17% yield. 66% of 4.63 was isolated as well as 9% of elimination 
product 4.65. Product 4.65 could come from a β-hydride elimination of the alkyl-Pd 
intermediate that would lead to the α-coupled product. 
 
Scheme 4.17. Attempts at one-pot coupling with 4.60 
 
 
 4.3.2. Ligand Investigation. As 4.60 clearly is not an effective complex for the 
second cross-coupling, we turned to investigate other ligands to furnish the desired cross-
coupling product (Table 4.3). Because the reaction is stereospecific and not 
enantioselective, an achiral ligand can be used to furnish the second cross-coupling. 
Bidentate phosphine-palladium complexes DPPFPdCl2 (4.69) and DtBuPFPdCl2 (4.70) 
did not afford the desired cross-coupling product (Table 4.3, entries 1-2). We then turned 
to monodentate phosphine ligands which readily gave γ-bis-coupling product in the 
development of the cross-coupling described in Chapter 3. While tBu-XPhos (4.71) did not 
afford the desired γ-cross coupling product, some β-hydride elimination product was 
isolated (Table 4.3, entry 3). Both SPhos (4.72) and Ruphos (4.73) afforded the desired γ-
cross-coupled product with 4.73 giving slightly higher γ:α ratios (Table 4.3, entries 4-5). 
Lowering the temperature to 50 °C in the presence of 4.73 as a ligand with Pd(OAc)2 gave 
629 
the γ-product 4.66 in 85% isolated yield with complete stereocontrol. With these results in 
hand, the scope of the reaction was therefore explored with the Ruphos (4.73). 
 
Table 4.3. Ligand investigation 
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4.4 Scope and Utility 
 4.4.1. Scope of the Cross-Coupling. The scope of the reaction with both aryl and 
alkenyl electrophiles was explored. The aryl electrophile scope is shown in Scheme 4.18. 
With the aryl electrophiles, conducting the reaction at 60 °C often resulted in a higher 
isolated yield of the desired product. Both aryl bromide and chloride electrophiles worked 
well in the reaction and in nearly all cases, excellent γ:α selectivities were observed with 
excellent enantiospecificity. Both electron-poor (4.81) and electron-rich (4.78-4.80) 
electrophiles gave the desired products in good yield. Heteroaryl electrophiles (4.82-4.88) 
could also be coupled efficiently. With the pyridine substrates (4.84-4.86), the HCl salt of 
the substrate was used with an attendant increase in the amount of base. 
 
 
  
631 
Scheme 4.18. Scope with aryl electrophilesa 
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 Alkenyl electrophiles could also be used in the reaction to access enantioenriched 
diene products (Scheme 4.19). Styrenyl electrophiles (4.93) are effective in the reaction as 
well as cis- and trans- substituted alkenyl halides (4.94, 4.95 and 4.66), simple vinyl 
bromide (4.96), α-substituted alkenyl bromide (4.97) and β,β-disubstituted alkenyl bromide 
(4.98). 
 
Scheme 4.19. Scope with alkenyl electrophilesa 
 
 
 4.4.2. Single-Flask Sequential Cross-Couplings. While the same catalyst can’t be 
used to facilitate both coupling reactions, the sequential cross-couplings can be performed 
in a one-pot fashion (Scheme 4.20). The first cross-coupling is done according to the 
original procedure. After 16 hours, the second electrophile is added along with Pd(OAc)2, 
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ligand 4.73, and more base. Both aryl (Scheme 4.20 eq. 1) and alkenyl cross-couplings 
(Scheme 4.20 eq. 2) can be performed in this one-pot manner. 
 
Scheme 4.20. Single-flask cross-couplingsa 
 
 
 4.4.3. Utility. In order to highlight the synthetic utility of this method, the simplest 
all-hydrocarbon chiral molecule 4.103 was synthesized (Scheme 4.21). First, the cross-
coupling between bis(boronic ester) 4.99 and alkenyl bromide 4.100 furnishes 
enantioenriched allylic boronic ester 4.101. The allyl/alkenyl cross-coupling was then 
performed with vinyl bromide to afford diene 4.102. Hydrogenation of both olefins 
furnishes 4.103 in 72% yield over the last two steps. 
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Scheme 4.21. Synthesis of the simplest chiral hydrocarbona 
 
 
 Due to the fact that the reaction is stereospecific, similar to what was shown by 
Crudden and Aggarwal (vide supra), the enantiomer of product obtained is dependent on 
the olefin geometry of the allylic boronic acid. Because of this, if two different olefin 
isomers of the allyic boronic ester are used, both enantiomers of the diene product can be 
obtained by the use of the same enantiomer of catalyst for the first cross-coupling (Scheme 
4.22). E- and Z-4.104 were used to give E- and Z- allylic boronic ester 4.105 with the same 
enantiomer of catalyst to give the same configuration at the carbon stereogenic center of 
intermediate. The second cross-coupling is then performed with chlorobenzene to furnish 
both enantiomers of 4.106 in good yields and high enantiospecificity.  
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Scheme 4.22. Cross-coupling to furnish enantiomeric products from the same enantiomer of 
catalyst.a 
 
 
4.5 Mechanistic Insights 
 4.5.1. Probing the Transmetalation.27 As discussed above, several modes of 
transmetalation are available to allylic boronic esters. The isolation of the γ-product 
indicates a tertiary alkyl palladium intermediate is the intermediate before reductive 
elimination. However, there are two ways to access this intermediate. Either SE2’ 
transmetalation occurs followed directly by reductive elimination, or SE2 transmetalation 
occurs and the secondary Pd-alkyl species undergoes σ-π-σ-isomerization through a π-allyl 
to furnish the tertiary Pd-alkyl intermediate which reductively eliminates to give the 
observed product. In order to determine whether a π-allyl isomerization occurs, two 
regioisomers of allylic boronic esters 4.107 and 4.109 were synthesized and used in the 
reaction (Scheme 4.22). When secondary allylic boronic ester 4.107 was used in the 
reaction, the quaternary product 4.108 was isolated as usually observed (Scheme 4.22 eq. 
                                                 
27 Mechanistic experiments performed by Bowman Potter. 
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1). When the tertiary allyl boronic ester 4.109 was used in the reaction, the tertiary cross-
coupled product was isolated (Scheme 4.22 eq. 2). In both cases, the products observed are 
net γ-coupled products. If the intermediate alkyl palladium species equilibrated through a 
π-allyl isomerization, it would be expected that both would give the quaternary product. 
This outcome indicates that there is no isomerization through a π-allyl, and considering the 
regiochemical outcome of the reaction, suggests SE2’ transmetalation is operative.  
 
Scheme 4.22. Mechanistic experimentsa 
 
 
 4.5.2. Origin of Product Selectivity. Considering the configuration of the resulting 
alkene and the correlation between the allylic boronic ester configuration and the resulting 
product configuration, an inner-sphere syn-SE2’ transmetalation pathway seems operative 
as opposed to an open anti-transmetalation (Scheme 4.23). A six-membered chair transition 
state can be considered for the transmetalation that gives stereochemistry consistent with 
the observed product.   
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Scheme 4.23. Origin of regioselectivity and enantiospecificity 
 
 
4.6 Conclusion 
 Difficult-to-access all carbon quaternary stereogenic centers are synthesized by the 
cross-coupling of enantioenriched allylic boronic esters and aryl and alkenyl electrophiles. 
The mechanism of this transformation was investigated, and details elucidating the mode 
of transmetalation were explored. With ready access to enantioenriched γ,γ-disubstituted 
allylic boronic esters, these substrates can conveniently be obtained.  
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4.7. Experimental 
4.6.1 General Information. 1H NMR spectra were recorded on either a Varian 
VNMRS-400 (400 MHz), Varian Gemini-500 (500 MHz), Varian Inova-500 (500 MHz), 
or Varian Gemini-600 (600 MHz) spectrometer. Chemical shifts are reported in ppm with 
the solvent resonance as the internal standard (CHCl3 7.26 ppm). Data are reported as 
follows: chemical shift, integration, multiplicity (s = singlet, d = doublet, t = triplet, q = 
quartet, p = pentet, m = multiplet), and coupling constants (Hz). 13C NMR spectra were 
recorded on either a Varian VNMRS-400 (100 MHz), Varian Gemini 500 (125 MHz), or 
Varian Gemini-600 (150 MHz) spectrometer with complete proton decoupling. Chemical 
shifts are reported in ppm with the solvent resonance as the internal standard (CDCl3 77.16 
ppm). 11B NMR spectra were recorded on a Varian Gemini-500 (160 MHz), or Varian 
Gemini-600 (192 MHz) spectrometer. 19F NMR spectra were recorded on a Varian 
Gemini-500 (470 MHz) spectrometer. Infrared (IR) spectra were recorded on a Bruker 
alpha-P Spectrometer. Frequencies are reported in wavenumbers (cm-1) as follows: strong 
(s), broad (br), medium (m), and weak (w). Optical rotations were measured on a Rudolph 
Analytical Research Autopol IV Polarimeter. High-resolution mass spectrometry (DART) 
was performed at the Mass Spectrometry Facility, Boston College, Chestnut Hill, MA. 
GCMS was performed on an Agilent 7820A with ZB-5 column (30 m x 250 µm x 0.25 
µm) and with an Agilent 5975 mass detector. The method used for GCMS was start at 50 
°C for 4 minutes, then ramp to 250 °C at 20 °C, hold for 46 minutes. Liquid 
chromatography was performed using forced flow (flash chromatography) on silica gel 
(SiO2, 230 x 450 Mesh) purchased from Silicycle. Thin layer chromatography (TLC) was 
performed on 25 μm silica gel glass backed plates from Silicycle. Visualization was 
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performed using ultraviolet light (254 nm) and ceric ammonium molybdate (CAM) in 
ethanol. Analytical chiral supercritical fluid chromatography (SFC) was performed on a 
TharSFC Method Station II equipped with Waters 2998 Photodiode Array Detector with 
isopropanol, or methanol as the modifier. All reactions were conducted in oven- or flame-
dried glassware under an inert atmosphere of nitrogen or argon. Tetrahydrofuran (THF), 
diethyl ether (Et2O), dichloromethane (CH2Cl2), and toluene were purified using Pure Solv 
MD-4 solvent purification system, from Innovative Technology, Inc., by passing the 
solvent through two activated alumina columns after purging with N2. 
Bis(pinacolato)diboron was generously donated by Allychem Co., Ltd. and used without 
further purification. Palladium (II) acetate and ruphos (4.73) were purchased from Strem 
Chemicals, Inc. and used without further purification. Lithium 2,2,6,6-
tetramethylpiperidide (LTMP) was purchased from Aldrich and used without purification. 
All other reagents were purchased from either Aldrich, Alfa Aesar or Acros and used 
without further purification. 
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4.7.2. Experimental Information 
  4.7.2.1. Synthesis and Characterization of Geminal bis(Boronic Esters). 
Geminal bis(boronic esters) were prepared according to literature procedures.28,29  
 
2,2'-(Heptane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 
(4.112). Prepared according to a literature precedent with slight 
modification.30 In an Ar-filled drybox, an oven-dried 50-mL round bottom flask with a 
magnetic stir bar was charged with lithium 2,2,6,6-tetramethylpiperidide (442 mg, 3.0 
mmol). The flask was sealed with a rubber septum, and removed from the drybox. THF 
(10 mL) was added and the reaction was allowed to cool to 0 °C. A solution of bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)methane28,30 (804 mg, 3.0 mmol) in THF (5 mL) was 
added via syringe and the mixture was allowed to stir at 0 °C for 5 minutes. Then 1-
bromohexane (463 µL, 3.3 mmol) was added neat. The reaction mixture was allowed to 
warm to room temperature and stir for 4 hours. The reaction was diluted with Et2O (10 
mL), filtered through Celite with Et2O (10 mL), and concentrated in vacuo. The crude 
mixture was purified by silica gel chromatography to afford clear, colorless oil (894 mg, 
85% yield). Rf = 0.5 in 10% ethyl acetate/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 
1.53 (q, J = 7.8 Hz, 2H), 1.30-1.20 (m, 32H), 0.86 (t, J = 6.6 Hz, 3H), 0.71 (t, J = 7.8 Hz, 
1H). 13C NMR (150 MHz, CDCl3) δ 82.96, 32.67, 31.89, 29.42, 25.81, 24.97, 24.64, 22.73, 
14.21. 11B NMR (192 MHz, CDCl3) δ 31.50. IR (neat) νmax 2977 (m), 2924 (m), 2859 (w), 
                                                 
28 Sun, C.; Potter, B.; Morken, J. P. J. Am. Chem. Soc. 2014, 136, 6534.  
29 Potter, B.; Szymaniak, A. A.; Edelstein, E. K.; Morken, J. P. J. Am. Chem. Soc. 2014, 136, 17918.  
30 Matteson, D. S.; Moody, R. J. Organometallics, 1982, 1, 20.  
641 
1466 (w), 1354 (m), 1308 (s), 1268 (s), 1214 (w), 1140 (s), 969 (m), 850 (m) cm-1. HRMS 
DART+ calc. for C19H39B2O4 [M+H]+  353.3034, found 353.3041.   
 
2,2'-(5-Methylhex-5-ene-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3-2- 
dioxaborolane) (4.113).  Prepared according to a literature precedent 
with slight modification.30 In an Ar-filled drybox, an oven-dried 50-mL round bottom flask 
with a magnetic stir bar was charged with lithium 2,2,6,6-tetramethylpiperidide (353 mg, 
2.4 mmol). The flask was sealed with a rubber septum, and removed from the drybox. THF 
(8 mL) was added and the reaction was allowed to cool to 0 °C. A solution of bis(4,4,5,5-
tetramethyl-1,3,2dioxaborolan-2-yl)methane28,30 (638 mg, 2.4 mmol) in THF (4 mL) was 
added via syringe and the mixture was allowed to stir at 0 °C for 5 minutes. Then 4-
methylpent-4-en-1-yl 4methylbenzenesulfonate31 (666 mg, 2.6 mmol) was added as a 
solution in THF (2 mL). The reaction mixture was allowed to warm to room temperature 
and stir for 4 hours. The reaction was diluted with Et2O (10 mL), filtered through Celite 
with Et2O (10 mL), and concentrated in vacuo. The crude mixture was purified by silica 
gel chromatography (5% ethyl acetate/hexanes) to afford clear, colorless oil (560 mg, 67% 
yield). Rf = 0.5 in 10% ethyl acetate/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 4.63 
(s, 2H), 1.97 (t, J = 7.2 Hz, 2H), 1.67 (s, 3H), 1.53 (q, J = 7.8 Hz, 2H), 1.44-1.37 (m, 2H), 
1.21 (s, 12H), 1.20 (s, 12H), 0.72 (t, J = 7.8 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 
146.37, 109.53, 83.01, 38.01, 30.68, 25.56, 24.97, 24.63, 22.51. 11B NMR (192 MHz, 
CDCl3) δ 31.30. IR (neat) νmax 2977 (m), 2924 (m), 2860 (w), 1459 (w), 1359 (m), 1308 
                                                 
31 Larock, R. C.; Yang, H.; Weinreb, S. M.; Herr, R. J. J. Org. Chem. 1994, 59, 4172.  
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(s), 1265 (m), 1138 (s), 969 (m), 849 (m) cm-1. HRMS DART+ calc. for C19H37B2O4 
[M+H]+  351.2878, found 351.2881.   
 
2,2'-(Propane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)  
(4.99). Prepared according to a literature precedent with slight 
modification.32 A 250mL round bottom flask with a magnetic stir bar was charged with 4-
methyl-N'-propylidenebenzenesulfonohydrazide5 (2.3 g, 10 mmol) and NaH (480 mg, 12 
mmol, 60% wt in oil) and purged with N2. Toluene (40 mL) was added followed by a 
vigorous evolution of hydrogen. The reaction was left to stir at room temperature for 1 
hour. Bis(pinacolato)diboron (1.9 g, 7.0 mmol) was added as a solution in toluene (20 mL) 
via syringe. The reaction was sealed and heated to 105 °C for 12 hours. After cooling to 
room temperature, Et2O (30 mL) and water (30 mL) were added and vigorously left to stir 
for 10 minutes. The reaction was poured into a separatory funnel and the layers were 
separated. The aqueous layer was extracted with Et2O (2 x 20 mL). The organic layers were 
combined, washed with brine (20 mL), dried over Na2SO4(s), filtered, and concentrated in 
vacuo. The crude reaction mixture was purified by silica gel chromatography (7% ethyl 
acetate/hexanes, stain in CAM) to afford the title compound as clear, colorless oil (1.8 g, 
81% yield). Rf = 0.4 in 10% ethyl acetate/hexanes on TLC.  The spectral data matched 
those reported in the literature.33  
 
                                                 
32 Li, H.; Shangguan, X.; Zhang, Z.; Huang, S.; Zhang, Y.; Wang, J. Org. Lett. 2014, 16, 448.  
33 Endo, K.; Hirokami, M.; Shibata, T. J. Org. Chem. 2010, 75, 3469.  
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 4.7.2.2. Synthesis and Characterization of Alkenyl Halides. Alkenyl 
bromides were prepared according to literature procedures.29 
  
  (Z)-1-Bromo-2-methylbut-1-ene (Z-4.104). Prepared according to a 
literature precedent with slight modification.34 In an Ar-filled drybox, to an 
oven-dried 2neck 250-mL round bottom flask equipped with a magnetic stir bar was 
charged with Cp2ZrCl2 (643 mg, 2.2 mmol). The flask was sealed with rubber septa and 
removed from the drybox. Under a constant pressure of N2, one septum was replaced a 
Dewar condenser. CH2Cl2 (48 mL) was added to the reaction vessel followed cautiously 
by triethylaluminum (30 mL, 30 mmol, 1 M in hexanes) via syringe. The reaction was 
allowed to cool to -23 °C and water (270 μL, 15 mmol) was added dropwise with 
vigorous stirring. After stirring for 10 minutes, the Dewar condenser was allowed to cool 
to -78 °C and propyne (670 µL, 10 mmol) was added dropwise via the condenser. The 
reaction was left to stir for an additional 10 minutes at -23 °C before adding NBS (5.3 g, 
30 mmol) as a solid. The reaction was allowed to warm to room temperature and left to 
stir under N2 for 12 hours. The reaction was allowed to cool to 0 °C and carefully 
quenched with a saturated solution of K2CO3 (3 mL). After stirring for 10 minutes, excess 
Na2SO4(s) was added. The mixture was filtered through a short pad of silica and 
concentrated in vacuo. The crude mixture was purified on silica gel (pentane, stain in 
CAM) to afford the title compound as clear, colorless oil (538 mg, 36% yield). Rf = 0.9 in 
pentane on TLC. The spectral data matched those reported in the literature.35 
                                                 
34 Lim, S.; Wipf, P. Angew. Chem. Int. Ed. Engl. 1993, 32, 1068.  
35 Normant, J. F.; Chuit, C.; Cahiez, G.; Villiera, J. Synthesis, 1974, 803.  
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 (E)-1-bromo-2-methylpent-1-ene (4.100). Prepared according to a 
literature precedent with slight modification.34 In an Ar-filled drybox, an 
oven-dried 100-mL round bottom flask with a magnetic stir bar was charged with Cp2ZrCl2 
(640 mg, 2.2 mmol). The flask was removed from the drybox and CH2Cl2 (15 mL) was 
added followed cautiously by trimethylaluminum (2.9 mL, 30 mmol) via syringe. The 
reaction was allowed to cool to -23 °C and water (270 μL, 15 mmol) was added dropwise 
with vigorous stirring. After stirring for 10 minutes, pentyne (990 µL,10 mmol) was added 
in a solution of CH2Cl2 (5 mL). The reaction was left to stir for an additional 10 minutes at 
-23 °C before adding NBS (5.3 g, 30 mmol) as a solid. The reaction was allowed to warm 
to room temperature and left to stir under N2 for 12 hours. The reaction was allowed to 
cool to 0 °C and carefully quenched with a saturated solution of K2CO3 (3 mL). After 
stirring for 10 minutes, excess Na2SO4 (s) was added. The mixture was filtered through a 
short pad of silica and concentrated in vacuo. The crude mixture was purified by silica gel 
chromatography (pentane, stain in KMnO4) to afford the title compound as clear, colorless 
oil (1.03 g, 63% yield). Rf = 0.9 in pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 5.88 
(s, 1H), 2.08 (t, J = 7.2 Hz, 2H), 1.78 (s, 3H), 1.50-1.42 (m, 2H), 0.88 (t, J = 7.8 Hz, 3H). 
13C NMR (150 MHz, CDCl3) δ 141.92, 101.09, 40.48, 20.78, 19.08, 13.65. GCMS TR 
5.72; MS 164, 162, 135, 133, 122, 120, 83, 55 (base peak).  
 
 (E)-1-(2-Bromovinyl)-4-methoxybenzene (4.114). Prepared 
according to a literature precedent.36  
                                                 
36 Müller, D.; Alexakis, A. Org. Lett. 2012, 14, 1842.  
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 (E)-1-Chlorooct-1-ene (4.115). To an oven-dried 25 mL round-bottom 
flask equipped with a magnetic stir bar under N2 was added octyne (740 μL, 5.0 mmol). 
DIBAL-H (5.5 mL, 5.5 mmol, 1.0 M in hexanes) was added via syringe and the reaction 
was left to stir for 15 minutes at room temperature before heating to 50 °C for 5 hours. The 
reaction was allowed to cool to room temperature and Et2O (3.0 mL) was added. The 
reaction was further allowed to cool to -78 °C and NCS (1.34 g, 10.0 mmol) was added as 
a solid. Upon warming to room temperature, the reaction was left to stir for 16 hours. To 
quench, the reaction was poured into a mixture of 6M HCl (15 mL), pentane (30 mL), and 
ice. The layers were separated in a separatory funnel, and the aqueous layer was extracted 
with pentane (3 x 20 mL). The organic layers were combined and washed successively 
with 1M NaOH (10 mL) and a saturated solution of Na2S2O3 (10 mL). The organic layer 
was dried over Na2SO4 (s), filtered, and concentrated in vacuo. The crude mixture was 
purified by silica gel chromatography (pentane, stain in KMnO4) to afford the title 
compound as clear, colorless oil (429 mg, 59% yield). Rf = 0.9 in pentane on TLC. The 
spectral data matched those reported in the literature.37  
 
 (E)-(2-Bromovinyl)cyclohexane (4.116). Prepared according to a 
literature precedent with slight modification.38 To an oven-dried 25 mL 
round-bottom flask equipped with a magnetic stir bar under N2 was added 
ethynylcyclohexane (683 μL, 5.0 mmol). DIBAL-H (5.5 mL, 5.5 mmol, 1.0 M in hexanes) 
                                                 
37 Brown, H. C.; Hamaoka, T.; Ravindran, N.; Subrahmanyam, C.; Somayaji, V.; Bhat, N. G. J. Org. 
Chem. 1989, 54, 6075.  
38 Hanessian, S.; Tehim, A.; Chen, P. J. Org. Chem. 1993, 58, 7768.  
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was added via syringe and the reaction was left to stir for 15 minutes at room temperature 
before heating to 50 °C for 5 hours. The reaction was allowed to cool to room temperature 
and Et2O (3 mL) was added. The reaction was further allowed to cool to -78 °C and NBS 
(1.78 g, 10.0 mmol) was added as a solid. Upon warming to room temperature, the reaction 
was left to stir for 16 hours. To quench, the reaction was poured into a mixture of 6M HCl 
(15 mL), pentane (30 mL), and ice. The layers were separated in a separatory funnel, and 
the aqueous layer was extracted with pentane (3 x 20 mL). The organic layers were 
combined and washed successively with 1M NaOH (10 mL) and a saturated solution of 
Na2S2O3 (10 mL). The organic layer was dried over Na2SO4(s), filtered, and concentrated 
in vacuo. The crude mixture was purified by silica gel chromatography (pentane, stain in 
KMnO4) to afford the title compound as clear, colorless oil (846 mg, 89% yield). Rf = 0.9 
in pentane on TLC. The spectral data matched those reported in the literature.39  
 
 
 
 
 
 
 
 
 
                                                 
39 Kuang, C.; Senboku, H.; Tokuda, M. Tetrahedron, 2002, 58, 1491.  
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 4.7.2.3. Synthesis and Characterization of Allylic Boronic Esters. Allyl 
boronates were prepared according to a literature procedure.29  
 
(S,E)-4,4,5,5-Tetramethyl-2-(8-methyltetradec-7-en-6-yl)-1,3,2-
dioxaborolane (4.117). Prepared according to a literature precedent.29 
The crude mixture was purified by silica gel chromatography (15% CH2Cl2/pentane, stain 
in CAM) to afford the title compound as clear, colorless oil (68% yield). Rf = 0.6 in 50% 
CH2Cl2/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 5.01 (d, J = 9.6 Hz, 1H), 1.98-
1.90 (m, 3H), 1.57 (s, 3H), 1.53-1.47 (m, 1H), 1.37-1.18 (m, 27H), 0.89-0.84 (m, 6H). 13C 
NMR (150 MHz, CDCl3) δ 134.51, 125.59, 82.92, 39.96, 32.08, 31.98, 31.68, 29.09, 28.93, 
28.19, 24.85, 24.68, 22.85, 22.76, 16.38, 14.28, 14.21. 11B NMR (192 MHz, CDCl3) δ 
30.58. IR (neat) νmax 2956 (m), 2924 (s), 2855 (m), 1459 (w), 1370 (s), 1316 (s), 1215 (w), 
1143 (s), 968 (w), 849 (w) cm-1. HRMS DART+ calc. for C21H42BO2 [M+H]+  337.3278, 
found 337.3274. [α]20D +15.8 (c = 0.963, CHCl3, l =50 mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary homoallylic alcohol upon allylation with PhCHO.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 2% iPrOH, 100 bar, 35 °C)-analysis of 4.118.  
 Racemic      Reaction Product  
  
 
(1R,2R,E)-2-Hexyl-2-methyl-1-phenylnon-3-en-1-ol (4.118). 
 Prepared according to a literature precedent.2 The crude allylation 
mixture was purified by silica gel chromatography (30% CH2Cl2/pentane, stain in CAM) 
to afford the title compound as clear, colorless oil. Rf = 0.5 in 60% CH2Cl2/hexanes on 
TLC. 1H NMR (600 MHz, CDCl3) δ 7.31-7.24 (m, 5H), 5.47 (dt, J = 16.2, 6.6 Hz, 1H), 
5.40 (d, J = 15.6 Hz, 1H), 4.37 (d, J = 1.8 Hz, 1H), 2.12-2.07 (m, 3H), 1.42-1.12 (m, 16H), 
0.91 (t, J = 6.0 Hz, 3H), 0.88-0.84 (m, 6H). 13C NMR (150 MHz, CDCl3) δ  140.80, 135.75, 
132.28, 128.29, 127.53, 127.41, 80.41, 45.32, 38.28, 33.10, 32.07, 31.58, 30.27, 29.48, 
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24.26, 22.81, 22.68, 17.14, 14.22. IR (neat) νmax 3459 (br), 3029 (m), 2955 (s), 2925 (w), 
2855 (m), 1454 (w), 1377 (w), 1024 (w), 982 (w), 746 (w), 701 (s) cm-1. HRMS DART+ 
calc. for C22H35 [M+H-H2O]+  299.2739, found 299.2729. [α]20D +31.4 (c = 0.625, CHCl3, 
l =50 mm).  
  
(S,E)-2-(1-(2-Chlorophenyl)-5-methylundec-4-en-3-yl)- 
4,4,5,5tetramethyl-1,3,2-dioxaborolane (4.119). Prepared 
according to a literature precedent.2 The crude mixture was purified by silica gel 
chromatography (20% CH2Cl2/pentane, stain in CAM) to afford the title compound as 
clear, colorless oil (57% yield). Rf = 0.6 in 50% CH2Cl2/hexanes on TLC. 1H NMR (600 
MHz, CDCl3) δ 7.30 (dd, J = 7.8, 1.2 Hz, 1H), 7.19 (dd, J = 6.6, 1.2 Hz, 1H), 7.15 (dt, J = 
7.8, 1.2 Hz, 1H), 7.10 (dt, 7.2, 1.8 Hz, 1H), 5.10 (d, J = 9.6 Hz, 1H), 2.79 (ddd, J = 13.2, 
10.8, 5.4 Hz, 1H), 2.63 (ddd, J = 13.2, 10.2, 5.4 Hz, 1H), 2.04-1.98 (m, 3H), 1.84 (ddt, J = 
12.6, 11.4, 6.6 Hz, 1H), 1.67 (ddt, J = 13.2, 10.2, 4.2 Hz, 1H), 1.60 (s, 3H), 1.39 (p, J = 7.2 
Hz, 2H), 1.31-1.20 (m, 18H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 
140.57, 135.48, 134.05, 130.59, 129.47, 127.14, 126.71, 124.83, 83.09, 40.00, 33.35, 
31.99, 31.70, 28.98, 28.22, 24.91, 24.69, 22.84, 16.51, 14.28. 11B NMR (192 MHz, CDCl3) 
δ 30.71. IR (neat) νmax 3063 (w), 2976 (w), 2954 (w), 2926 (m), 2857 (m), 1473 (w), 1443 
(w), 1370 (m), 1318 (s), 1268 (w), 1142 (s), 1052 (w), 968 (w), 847 (w), 750 (m) cm-1. 
HRMS (DART) calc. for C24H39BClO2 [M+H]+  405.2732, found 405.2741. [α]20D: +5.05 
(c = 0.967, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC analysis 
of the corresponding secondary allylic alcohol upon oxidation.  
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 10% iPrOH, 100 bar, 35 °C)-analysis of 4.120.  
 
Racemic      Reaction Product  
 
 
 (S,E)-1-(2-Chlorophenyl)-5-methylundec-4-en-3-ol (4.120).  
Prepared according to a literature precedent.2 The crude oxidation 
mixture was purified by silica gel chromatography (60% CH2Cl2/pentane, stain in CAM) 
to afford the title compound as clear, colorless oil. Rf = 0.2 in 75% CH2Cl2/hexanes on 
TLC. 1H NMR (600 MHz, CDCl3) δ 7.33 (dd, J = 7.2, 1.2 Hz, 1H), 7.23 (dd, J = 7.2, 1.2 
Hz, 1H), 7.18 (dt, J = 7.2, 1.2 Hz, 1H), 7.13 (dt, J = 7.8, 1.8 Hz, 1H), 5.23 (dd, J = 9.0, 1.2 
Hz, 1H), 4.42 ( 7.31-7.25 (m, 2H), 7.24-7.15 (m, 3H), 5.22 (d, J = 8.5 Hz, 1H), 4.39 (q, J 
= 7.0 Hz, 1H), 2.67 (m, 2H), 2.00 (t, J = 7.5 Hz, 2H), 1.93 (ddt, J = 13.5, 9.5, 6.5 Hz, 1H), 
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1.76 (ddt, J = 13.5, 10.0, 6.5 Hz, 1H), 1.64 (s, 3H), 1.45-1.24 (m, 9H), 0.89 (t, J = 5.5 Hz, 
3H). 13C NMR (150 MHz, CDCl3) δ 139.84, 139.77, 134.09, 130.44, 129.60, 127.44, 
127.40, 126.88, 68.40, 39.73, 37.60, 31.89, 29.86, 29.09, 27.83, 22.76, 16.74, 14.25. IR 
(neat) νmax 3333 (br), 3059 (w), 2955 (m), 2926 (s), 2855 (m), 1474 (w), 1443 (m), 1370 
(w), 1052 (m), 1025 (w), 749 (s) cm-1. HRMS DART+ calc. for C18H26Cl [M+H-H2O]+  
277.1723, found 277.1719. [α]20D -22.8 (c = 0.700, CHCl3, l =50 mm).  
 
(S,E)-2-(2,8-Dimethyltetradeca-1,7-dien-6-yl)-4,4,5,5-te- 
tramethyl-1,3,2-dioxaborolane (4.121). Prepared according to a 
literature precedent.2 The crude mixture was purified by silica gel chromatography (25% 
CH2Cl2/pentane, stain in CAM) to afford the title compound as clear, colorless oil (83% 
yield). Rf = 0.3 in 30% CH2Cl2/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 5.01 (d, J 
= 9.6 Hz, 1H), 4.66 (s, 1H), 4.65 (s, 1H), 2.02-1.92 (m, 5H), 1.69 (s, 3H), 1.58 (s, 3H), 
1.55-1.42 (m, 2H), 1.401.30 (m, 4H), 1.29-1.18 (m, 18H), 0.87 (t, J = 6.6 Hz, 3H). 13C 
NMR (150 MHz, CDCl3) δ 146.35, 134.71, 125.36, 109.69, 82.96, 39.97, 38.05, 31.98, 
31.37, 28.93, 28.19, 27.42, 24.86, 24.69, 22.84, 22.51, 16.40, 14.28. 11B NMR (192 MHz, 
CDCl3) δ 32.62. IR (neat) νmax 2977 (w), 2957 (w), 2926 (s), 2855 (w), 1457 (w), 1370 (s), 
1316 (s), 1143 (s), 968 (w), 884 (m) cm-1. HRMS DART+ calc. for C22H42BO2 [M+H]+  
349.3278, found 349.3270. [α]20D +15.8 (c = 1.10, CHCl3, l =50 mm).  
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Analysis of Stereochemistry  The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary homoallylic alcohol upon allylation with PhCHO.  
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 4% iPrOH, 100 bar, 35 °C)-analysis of 4.122.  
 
Racemic      Reaction Product  
  
 
(1R,2R,E)-2-Hexyl-2,8-dimethyl-1-phenylnona-3,8- 
dien-1-ol (4.122). Prepared according to a literature precedent.2 
The crude allylation mixture was purified by silica gel chromatography (30% 
CH2Cl2/hexanes, stain in CAM) to afford the title compound as clear, colorless oil. Rf = 
0.3 in 60% CH2Cl2/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 7.32-7.23 (m, 5H), 
5.49-5.40 (m, 2H), 4.72 (s, 1H), 4.69 (s, 1H), 4.38 (s, 1H), 2.15-2.00 (m, 5H), 1.73 (s, 3H), 
1.58-1.51 (m, 2H), 1.40-1.34 (m, 1H), 1.311.13 (m, 9H), 0.90-0.83 (m, 6H). 13C NMR 
(150 MHz, CDCl3) δ 145.95, 140.81, 136.09, 131.77, 128.29, 127.53, 127.43, 110.05, 
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80.45, 45.30, 38.24, 37.44, 32.73, 32.06, 30.26, 27.74, 24.28, 22.80, 22.56, 17.22, 14.21. 
IR (neat) νmax 3456 (br), 3027 (w), 2977 (m), 2928 (s), 2856 (m), 1453 (m), 1375 (w), 1037 
(w), 1024 (w), 886 (m), 747 (m), 702 (s) cm-1. HRMS DART+ calc. for C23H35 [M+H-
H2O]+  311.2739, found 311.2744. [α]20D +29.6 (c = 1.16, CHCl3, l =50 mm).  
  
(S,E)-tert-Butyldimethyl((5-methyl-3-(4,4,5,5-tetramethyl-1,- 
3,2-dioxaborolan-2-yl)undec-4-en-1-yl)oxy)silane (4.123). 
Prepared according to a literature precedent.2 The crude mixture was purified by silica gel 
chromatography (75% CH2Cl2/hexanes, stain in CAM) to afford the title compound as 
clear, colorless oil (54% yield). Rf = 0.4 in 80% CH2Cl2/hexanes on TLC. 1H NMR (600 
MHz, CDCl3) δ 4.99 (d, J = 9.6 Hz, 1H), 3.60-3.50 (m, 2H), 2.04 (q, J = 9.6 Hz, 1H), 1.95 
(t, J = 7.8 Hz, 2H), 1.79-1.72 (m, 1H), 1.59-1.53 (m, 4H), 1.35 (p, J = 7.8 Hz, 2H), 1.31-
1.18 (m, 18H), 0.90-0.85 (m, 12H), 0.22 (s, 6H). 13C NMR (150 MHz, CDCl3) δ 135.25, 
124.68, 82.99, 62.80, 39.96, 34.57, 31.98, 28.95, 28.18, 26.16, 24.86, 24.66, 22.82, 18.52, 
16.41, 14.28, -5.11, -5.14. 11B NMR (192 MHz, CDCl3) δ 32.62. IR (neat) νmax 2955 (m), 
2927 (s), 2856 (m), 1464 (w), 1370 (m), 1316 (s), 1253 (m), 1143 (s), 1097 (s), 835 (s), 
774 (s) cm-1. HRMS DART+ calc. for C24H50BO3Si [M+H]+  425.3622, found 425.3636. 
[α]20D +22.1 (c = 0.852, CHCl3, l =50 mm).  
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Analysis of Stereochemistry.  The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary homoallylic alcohol upon allylation with PhCHO.  
  
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 4% iPrOH, 100 bar, 35 °C)-analysis of 1.124.  
Racemic     Reaction Product  
  
 
(1R,2R)-2-((E)-4-((tert-Butyldimethylsilyl)oxy)but-1-en-1- 
yl)-2methyl-1-phenyloctan-1-ol (4.124). Prepared according to a 
literature precedent.2 The crude allylation mixture was purified by silica gel 
chromatography (3% ethyl acetate/hexanes, stain in CAM) to afford the title compound as 
clear, colorless oil. Rf = 0.2 in 5% ethyl acetate/hexanes on TLC. 1H NMR (600 MHz, 
CDCl3) δ 7.32-7.23 (m, 5H), 5.50-5.42 (m, 2H), 4.36 (d, J = 1.8 Hz, 1H), 3.70-3.63 (m, 
2H), 2.36-2.28 (m, 2H), 2.18 (d, J = 1.8 Hz, 1H), 1.40-1.33 (m, 1H), 1.30-1.13 (m, 9H), 
0.91 (s, 9H), 0.89-0.84 (m, 6H), 0.07 (s, 6H). 13C NMR (150 MHz, CDCl3) δ 140.77, 
138.04, 128.50, 128.29, 127.52, 127.40, 80.20, 63.16, 45.49, 38.19, 36.76, 32.05, 30.27, 
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26.14, 24.30, 22.82, 18.55, 17.04, 14.22, -5.08, -5.10. IR (neat) νmax 3452 (br), 3029 (w), 
2954 (m), 2928 (s), 2856 (m), 1454 (w), 1379 (w), 1254 (m), 1097 (s), 834 (s), 775 (s), 701 
(s) cm-1. HRMS DART+ calc. for C25H43OSi [M+H-H2O]+  387.3083, found 387.3100. 
[α]20D: +31.4 (c = 0.945, CHCl3, l =50 mm).  
 
 (S,Z)-2-(1-(2-Chlorophenyl)-5-methylundec-4-en-3-yl)-4,4,5,5- 
tetramethyl-1,3,2-dioxaborolane (Z-4.105). Prepared according to a 
literature precedent.2 The crude mixture was purified by silica gel chromatography (20% 
CH2Cl2/pentane, stain in CAM) to afford the title compound as clear, colorless oil (80% 
yield). Rf = 0.3 in 20% CH2Cl2/pentane on TLC. The spectral data matched those reported 
in the literature.40 [α]20D +1.87 (c = 1.42, CHCl3, l =50 mm). Lit. for (S)-enantiomer [α]20D 
+4.8 (c = 1.65, CHCl3, l =50 mm).13  
 
 
 
 
 
 
 
 
                                                 
40 Chen, J. L.-Y.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2014, 53, 10992.  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary allylic alcohol upon oxidation.  
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 4% iPrOH, 100 bar, 35 °C). 
 
        Racemic              Reaction Product   
 
 
 (S,E)-4,4,5,5-Tetramethyl-2-(5-methyloct-4-en-3-yl)-1,3,2-dioxabor- 
olane (4.101). Prepared according to a literature precedent with slight 
modification.2 A 2dram vial with a magnetic stir bar was charged with 4.60 (10.2 mg, 0.012 
mmol).2 The vial was sealed with rubber septum, and purged with N2 for 10 minutes. A 
solution of 2,2'-(propane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 4.99 (186 
mg, 0.60 mmol) in dioxane (1.0 mL) and (E)-1-bromo-2-methylpent-1-ene 4.100 (65.2 mg, 
0.40 mmol) in dioxane (1.0 mL) were added sequentially via syringe. The reaction was left 
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to stir and 8M KOH (aq)41 (230 μL, 1.80 mmol) was added via syringe. The reaction was 
left to stir under an atmosphere of N2 at room temperature for 18 hours. The reaction was 
diluted with Et2O (3 mL) and filtered through a plug of Celite with additional Et2O (25 
mL). The filtrate was concentrated in vacuo. The crude mixture was purified by silica gel 
chromatography (20% CH2Cl2/pentane, stain in CAM) to afford the title compound as 
clear, colorless oil (77.9 mg, 77% yield). Rf = 0.6 in 50% CH2Cl2/hexanes on TLC. 1H 
NMR (600 MHz, CDCl3) δ 5.02 (d, J = 10.2 Hz, 1H), 1.95 (t, J = 7.8 Hz, 2H), 1.86 (d, J = 
7.2 Hz, 1H), 1.59-1.51 (m, 4H), 1.42-1.33 (m, 3H), 1.22 (s, 6H), 1.21 (s, 6H), 0.88 (t, J = 
7.8 Hz, 3H), 0.83 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 134.49, 125.56, 82.93, 
42.09, 24.85, 24.68, 21.28, 16.32, 13.95, 13.68. 11B NMR (192 MHz, CDCl3) δ 30.48. IR 
(neat) νmax 2977 (w), 2957 (m), 2929 (w), 2870 (w), 1460 (w), 1369 (m), 1353 (s), 1313 
(s), 1264 (m), 1142 (s), 967 (m), 827 (w) cm-1. HRMS DART+ calc. for C15H30BO2 
[M+H]+  253.2339, found 253.2337. [α]20D +31.3 (c = 0.880, CHCl3, l =50 mm).  
 
 
 
 
 
 
 
                                                 
41 KOH (aq) was sparged with N2 for 30 min at room temperature before use.  
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Analysis of Stereochemistry.  The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding secondary homoallylic alcohol upon allylation with PhCHO. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of 4.125.  
Racemic      Reaction Product  
 
  
 (1R,2R,E)-2-Methyl-1-phenyl-2-propylhex-3-en-1-ol (4.125).  
Prepared according to a literature precedent.29 The crude allylation mixture 
was purified by silica gel chromatography (40% CH2Cl2/pentane, stain in CAM) to afford 
the title compound as clear, colorless oil. Rf = 0.3 in 50% CH2Cl2/hexanes on TLC. 1H 
NMR (600 MHz, CDCl3) δ 7.27-7.20 (m, 5H), 5.48 (dt, J = 15.6, 6.0 Hz, 1H), 5.37 (d, J = 
15.6 Hz, 1H), 4.34 (d, J = 1.8 Hz, 1H), 2.11-2.03 (m, 3H), 1.33-1.27 (m, 1H), 1.19-1.12 
(m, 3H), 0.98 (t, J = 7.8 Hz, 3H), 0.83-0.80 (m, 6H). 13C NMR (125 MHz, CDCl3) δ 140.77, 
134.76, 133.67, 128.31, 127.52, 127.42, 80.40, 45.23, 40.57, 26.17, 17.47, 17.14, 14.97, 
14.27. IR (neat) νmax 3458 (br), 3027 (w), 2958 (s), 2931 (m), 2871 (m), 1453 (m), 1378 
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(m), 1023 (m), 980 (m), 913 (w), 745 (m), 702 (s) cm-1. HRMS (DART) calc. for C16H23 
[M+H-H2O]+  215.1800, found 215.1808. [α]20D +64.8 (c = 0.150, CHCl3, l =50 mm).  
 
4,4,5,5-Tetramethyl-2-(2-methyldec-2-en-4-yl)-1,3,2-dioxaborola- 
ne (4.107). Prepared according to a literature precedent with racemic 
4.60.29 The crude mixture was purified by silica gel chromatography (25% 
CH2Cl2/pentane, stain in CAM) to afford the title compound as clear, colorless oil (71% 
yield). Rf = 0.5 in 25% CH2Cl2/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 5.03 (d, J 
= 9.6 Hz, 1H), 1.92 (q, J = 8.4 Hz, 1H), 1.69 (s, 3H), 1.59 (s, 3H), 1.53-1.47 (m, 1H), 1.36-
1.20 (m, 21H), 0.87 (t, J = 6.0 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 130.58, 125.66, 
82.96, 31.99, 31.81, 29.56, 29.36, 25.98, 24.86, 24.68, 22.79, 18.28, 14.23. 11B NMR (192 
MHz, CDCl3) δ 30.63. IR (neat) νmax 2977 (w), 2960 (w), 2923 (m), 2854 (w), 1458 (w), 
1370 (m), 1314 (s), 1143 (s), 968 (w), 837 (w) cm-1. HRMS DART+ calc. for C17H34BO2 
[M+H]+  281.2652, found 281.2668.  
 
2-(2-Bromopropan-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4.126). 
Prepared according to a literature precedent with slight modification.42 A 50-mL round 
bottom flask with a magnetic stir bar and equipped with a NaHCO3 (aq) scrubber under N2, 
was charged with CCl4 (6 mL) via syringe. Then 2-isopropyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (419 µL, 2.2 mmol) was added via syringe, followed by bromine (103 µL, 
2.0 mmol) via syringe. The reaction was left to stir at room temperature under N2 for 3 
                                                 
42 Matteson, D. S.; Fernando, D. J. Organomet. Chem. 2003, 680, 100.  
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hours. The stir bar was removed and the reaction was concentrated in vacuo to afford the 
title compound as a brown oil (98%, 487 mg). 1H NMR (600 MHz, CDCl3) δ 1.77 (s, 6H), 
1.28 (s, 12H). 13C NMR (150 MHz, CDCl3) δ 84.34, 30.40, 24.53. 11B NMR (192 MHz, 
CDCl3) δ 28.72. IR (neat) νmax 2981 (w), 2955 (m), 1464 (m), 1385 (m), 1363 (s), 1329 
(s), 1168 (m), 1140 (s), 1088 (m), 968 (w), 856 (m) cm-1. HRMS DART+ calc. for 
C9H19BBrO2 [M+H]+  249.0662, found 249.0651. 
 
(E)-4,4,5,5-Tetramethyl-2-(2-methyldec-3-en-2-yl)-1,3,2-dioxaboro-
lane (4.108). An oven-dried 25-mL round bottom flask with a magnetic 
stir bar under N2 was charged with THF (6 mL) via syringe. Then (E)-1-bromooct-1-ene43 
(115 mg, 0.6 mmol) was added as a solution in THF (2 mL). The reaction was allowed to 
cool to -78 °C and tBuLi (706 µL, 1.7M in pentane, 1.2 mmol) was added dropwise. The 
reaction was left to stir for 5 minutes at -78 °C and 2-(2-bromopropan-2-yl)-4,4,5,5-
tetramethyl-1,3,2dioxaborolane 4.126 (165 mg (0.66 mmol) was added as a solution in 
THF (2 mL). The reaction was left to stir for 5 minutes at -78 °C before warming to room 
temperature and stirring continued for an additional 1 hour. The reaction was quenched 
with the addition of water (5 mL) and poured into a separatory funnel with Et2O (20 mL). 
The layers were separated and the aqueous layer was extracted with Et2O (2 x 10 mL). The 
organic layers were combined, dried over Na2SO4(s), filtered, and concentrated in vacuo. 
The crude mixture was purified by silica gel chromatography (20% CH2Cl2/pentane, stain 
in CAM) to afford the title compound as clear, colorless oil (85.7 mg, 51% yield). Rf = 0.5 
                                                 
43 Posner, G. H.; Tang, P. J. Org. Chem. 1978, 43, 4131.  
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in 25% CH2Cl2/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 5.48 (d, J = 15.5 Hz, 1H), 
5.28 (dt, J = 16.0, 6.5 Hz, 1H), 1.98 (q, J = 6.0 Hz, 2H), 1.33-1.19 (m, 20H), 1.02 (s, 6H), 
0.87 (t, J = 7.0 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 138.24, 126.56, 83.12, 33.02, 
31.92, 29.92, 28.87, 24.69, 24.44, 22.81, 14.25. 11B NMR (160 MHz, CDCl3) δ 33.73. IR 
(neat) νmax 2976 (w), 2956 (w), 2924 (m), 2857 (w), 1469 (m), 1385 (m), 1371 (s), 1341 
(s), 1308 (s), 1133 (s), 968 (m), 852 (m) cm-1. HRMS DART+ calc. for C17H34BO2 [M+H]+  
281.2652, found 281.2662.   
 
 4.7.2.4. Procedures for Stereospecific Cross-Coupling. 
 
Method A (for commercial, liquid electrophiles). A 2-dram vial with a magnetic 
stir bar was charged with allylic boronate (0.10 mmol). The vial was sealed with rubber 
septum, and purged with N2 for 10 minutes. Dioxane (500 μL) was added and the reaction 
left to stir. Then a solution of Pd(OAc)2 in dioxane (100 μL, 0.0020 mmol, 0.02 M) and 
4.73 in dioxane (100 μL, 0.0040 mmol, 0.04 M) were added sequentially via syringe. Then 
aryl or alkenyl halide (0.30 mmol) and 8M KOH(aq)14 (56 μL, 0.45 mmol) were added 
sequentially via syringe. The reaction was heated to either 50 °C (alkenyl electrophiles) or 
60 °C (aryl electrophiles) under an atmosphere of N2 for 14 hours. The reaction was allowed 
to cool to room temperature, diluted with Et2O (2 mL), and filtered through a plug of silica 
with additional Et2O (5 mL). The filtrate was concentrated in vacuo and purified by silica 
gel chromatography to afford the desired compound.  
Method B (for solid electrophiles). A 2-dram vial with a magnetic stir bar was 
charged with allylic boronate (0.10 mmol) and aryl or alkenyl halide (0.30 mmol). The vial 
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was sealed with rubber septum, and purged with N2 for 10 minutes. Dioxane (500 μL) was 
added and the reaction was lef tot stir. Then a solution of Pd(OAc)2 in dioxane (100 μL, 
0.0020 mmol, 0.02M) and 4.73 in dioxane (100 μL, 0.0040 mmol, 0.04M) were added 
sequentially via syringe. Then 8M KOH (aq)41 (56 μL, 0.45 mmol) was added via syringe. 
The reaction was heated to either 50 °C (alkenyl electrophiles) or 60 °C (aryl electrophiles) 
under an atmosphere of N2 for 14 hours. The reaction was allowed to cool to room 
temperature, diluted with Et2O (2 mL), and filtered through a plug of silica with additional 
Et2O (5 mL). The filtrate was concentrated in vacuo and purified by silica gel 
chromatography to afford the desired compound.  
Method C (for liquid electrophiles). A 2-dram vial with a magnetic stir bar was 
charged with allylic boronate (0.10 mmol). The vial was sealed with rubber septum, and 
purged with N2 for 10 minutes. Dioxane (400 μL) was added and the reaction was left to 
stir. Then a solution of Pd(OAc)2 in dioxane (100 μL, 0.0020 mmol, 0.02M) and 4.73 in 
dioxane (100 μL, 0.0040 mmol, 0.04M) were added sequentially via syringe. Then aryl or 
alkenyl halide (0.30 mmol) was added as a solution in dioxane (100 μL) followed by 8M 
KOH(aq)41 (56 μL, 0.45 mmol) via syringe. The reaction was heated to either 50 °C 
(alkenyl electrophiles) or 60 °C (aryl electrophiles) under an atmosphere of N2 for 14 hours. 
The reaction was allowed to cool to room temperature, diluted with Et2O (2 mL), and 
filtered through a plug of silica with additional Et2O (5 mL). The filtrate was concentrated 
in vacuo and purified by silica gel chromatography to afford the desired compound.  
Method D (one-pot procedure from geminal bis(boronates)). A 2-dram vial with 
a magnetic stir bar was charged with 4.6029 (0.9 mg, 0.0010 mmol) and 1,1-diborylalkane 
(0.15 mmol). The vial was sealed with rubber septum, and purged with N2 for 10 minutes. 
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Dioxane (250 μL) was added and the reaction was left to stir for 5 minutes. Then a solution 
of vinyl bromide in dioxane (250 μL, 0.10 mmol, 0.4M) and 8M KOH(aq)41 (56 μL, 0.45 
mmol) were added sequentially via syringe. The reaction was left to stir under an 
atmosphere of N2 at room temperature for 18 hours. Then a solution of Pd(OAc)2 in dioxane 
(100 μL, 0.0020 mmol, 0.02M) and 4.73 in dioxane (100 μL, 0.0040 mmol, 0.04M) were 
added sequentially via syringe. Then aryl or alkenyl halide (0.30 mmol) was added as a 
solution in dioxane (100 μL) followed by 8M KOH(aq)41 (56 μL, 0.45 mmol) via syringe. 
The reaction was heated to either 50 °C (alkenyl electrophiles) or 60 °C (aryl electrophiles) 
under an atmosphere of N2 for 14 hours. The reaction was allowed to cool to room 
temperature, diluted with Et2O (2 mL), and filtered through a plug of silica with additional 
Et2O (5 mL). The filtrate was concentrated in vacuo and purified by silica gel 
chromatography to afford the desired compound.  
Method E (for chloropyridine.HCl salt electrophiles). A 2-dram vial with a 
magnetic stir bar was charged with allylic boronate (0.10 mmol) and chloropyridine.HCl 
salt (0.30 mmol). The vial was sealed with rubber septum, and purged with N2 for 10 
minutes. Dioxane (500 μL) was added and the reaction was left to stir. Then a solution of 
Pd(OAc)2 in dioxane (100 μL, 0.0020 mmol, 0.02M) and 4.73 in dioxane (100 μL, 0.0040 
mmol, 0.04M) were added sequentially via syringe. Then 8M KOH (aq)41 (94 μL, 0.75 
mmol) was added via syringe. The reaction was heated to 60 °C under an atmosphere of N2 
for 14 hours. The reaction was allowed to cool to room temperature, diluted with Et2O (2 
mL), and filtered through a plug of silica with additional Et2O (5 mL). The filtrate was 
concentrated in vacuo and purified by silica gel chromatography to afford the desired 
compound.  
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 4.7.2.5. Characterization of Reaction Products and Analysis of   
  Stereochemistry. 
 
(R,E)-(5-Methylundec-3-ene-1,5-diyl)dibenzene (4.64). The reaction 
was performed according to the Representative Procedure (Method A) 
with chlorobenzene.  The crude mixture was purified by silica gel chromatography 
(pentane, stain in CAM) to afford the title compound as clear, colorless oil (29.6 mg, 93% 
yield). Rf = 0.2 in hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 7.32-7.16 (m, 10H), 
5.63 (d, J = 15.6 Hz, 1H), 5.46 (dt, J = 15.0, 6.0 Hz, 1H), 2.75 (t, J = 7.2 Hz, 2H), 2.42 (q, 
J = 6.6 Hz, 2H), 1.73 (td, J = 13.2, 5.4 Hz, 1H), 1.66 (td, J = 12.6, 4.8 Hz, 1H), 1.33 (s, 
3H), 1.31-1.21 (m, 6H), 1.18-1.04 (m, 2H), 0.89 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, 
CDCl3) δ 148.67, 142.16, 139.52, 128.73, 128.39, 128.05, 126.76, 126.53, 125.84, 125.59, 
43.60, 41.87, 36.28, 34.80, 31.94, 30.21, 25.94, 24.61, 22.84, 14.24. IR (neat) νmax 3085 
(w), 3062 (w), 3026 (w), 2957 (m), 2926 (s), 2854 (m), 1495 (w), 1445 (w), 1375 (w), 976 
(w), 763 (w), 698 (s) cm-1. HRMS DART+ calc. for C24H33 [M+H]+  321.2582, found 
321.2592. [α]20D -0.831 (c = 0.927, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 5% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
 
Racemic      Reaction Product  
 
 
(R,E)-1-Methyl-4-(5-methyl-1-phenylundec-3-en-5yl)benzene  
(4.74). The reaction was performed according to the Representative 
 Procedure  (Method  B)  with  1-bromo-4-methylbe-nzene.  The 
crude mixture was purified by silica gel chromatography (pentane, stain in CAM) to afford 
the title compound as clear, colorless oil (28.1 mg, 84% yield). Rf = 0.1 in pentane on TLC. 
1H NMR (600 MHz, CDCl3) δ 7.32-7.29 (m, 2H), 7.23-7.19 (m, 3H), 7.13 (d, J = 8.4 Hz, 
2H), 7.10 (d, J = 7.8 Hz, 2H), 5.61 (d, J = 15.6 Hz, 1H), 5.44 (dt, J = 15.0, 6.6 Hz, 1H), 
2.74 (t, J = 7.2 Hz, 2H), 2.41 (q, J = 6.6 Hz, 2H), 2.34 (s, 3H), 1.71 (td, J = 13.2, 4.8 Hz, 
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1H), 1.64 (td, J = 12.6, 4.8 Hz, 1H), 1.33-1.21 (m, 9H), 1.18-1.04 (m, 2H), 0.89 (t, J = 7.2 
Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 145.69, 142.20, 140.12, 134.99, 128.78, 128.73, 
128.38, 126.64, 126.33, 125.83, 43.24, 41.87, 36.30, 34.81, 31.95, 30.24, 25.98, 24.64, 
22.85, 21.02, 14.25. IR (neat) νmax 3110 (w), 3062 (w), 3025 (w), 2956 (m), 2928 (s), 2855 
(m), 1603 (w), 1512 (m), 1454 (m), 975 (m), 816 (s), 745 (m), 698 (s) cm-1. HRMS DART+ 
calc. for C25H35 [M+H]+  335.2739, found 335.2748. [α]20D -5.72 (c = 0.355, CHCl3, l =50 
mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
 
Racemic      Reaction Product  
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(R,E)-1-Methyl-3-(5-methyl-1-phenylundec-3-en-5-yl)benz- 
ene (4.75). The reaction was performed according to the 
Representative Procedure (Method A) with 1-bromo-3-methylbenzene.  The crude mixture 
was purified by silica gel chromatography (pentane, stain in CAM) to afford the title 
compound as clear, colorless oil (28.5 mg, 85% yield). Rf = 0.1 in pentane on TLC. 1H 
NMR (600 MHz, CDCl3) δ 7.32-7.28 (m, 2H), 7.22-7.16 (m, 4H), 7.09 (s, 1H), 7.05 (d, J 
= 7.8 Hz, 1H), 7.00 (d, J = 7.2 Hz, 1H), 5.63 (d, J = 15.0 Hz, 1H), 5.45 (dt, J = 15.6, 6.6 
Hz, 1H), 2.74 (t, J = 7.2 Hz, 2H), 2.42 (q, J = 6.6 Hz, 2H), 2.35 (s, 3H), 1.72 (td, J = 12.6, 
4.2 Hz, 1H), 1.65 (td, J = 13.2, 4.8 Hz, 1H), 1.32 (s, 3H), 1.30-1.21 (m, 6H), 1.18-1.03 (m, 
2H), 0.89 (t, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 148.69, 142.20, 140.01, 
137.42, 128.71, 128.38, 127.93, 127.45, 126.40, 126.37, 125.85, 123.83, 43.47, 41.87, 
36.31, 34.78, 31.93, 30.21, 25.88, 24.61, 22.85, 21.85, 14.25. IR (neat) νmax 3084 (w), 3061 
(w), 3026 (w), 2956 (m), 2927 (s), 2855 (m), 1604 (m), 1495 (m), 1453 (m), 1374 (w), 974 
(m), 783 (m), 745 (m), 697 (s) cm-1. HRMS DART+ calc. for C25H35 [M+H]+  335.2739, 
found 335.2742. [α]20D -2.44 (c = 0.633, CHCl3, l =50 mm).  
 
 
 
 
 
 
 
 
668 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 5% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic    Reaction Product  
 
 
R,E)-1,3-Dimethyl-5-(5-methyl-1-phenylundec-3-en-5-yl)be- 
nzene (4.76). The reaction was performed according to the 
Representative Procedure (Method A) with 1-bromo-
3,5dimethylbenzene.  The crude mixture was purified by silica gel chromatography 
(pentane, stain in CAM) to afford the title compound as clear, colorless oil (33.5 mg, 96% 
yield). Rf = 0.2 in hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 7.30-7.25 (m, 2H), 
7.21-7.16 (m, 3H), 6.87 (s, 2H), 6.81 (s, 1H), 5.61 (d, J = 15.6 Hz, 1H), 5.43 (dt, J = 15.6, 
6.0 Hz, 1H), 2.72 (t, J = 7.8 Hz, 2H), 2.40 (q, J = 7.8 Hz, 2H), 2.30 (s, 6H), 1.69 (td, J = 
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13.2, 5.4 Hz, 1H), 1.62 (td, J = 12.6, 4.8 Hz, 1H), 1.31-1.22 (m, 9H), 1.17-1.01 (m, 2H), 
0.87 (t, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 148.78, 142.23, 140.05, 137.32, 
128.69, 128.37, 127.33, 126.28, 125.86, 124.55, 43.36, 41.87, 36.34, 34.76, 31.93, 30.23, 
25.85, 24.62, 22.85, 21.72, 14.26. IR (neat) νmax 3026 (w), 2956 (m), 2927 (s), 2855 (m), 
1601 (m), 1496 (w), 1454 (m), 974 (m), 847 (m), 745 (m), 697 (s) cm-1. HRMS DART+ 
calc. for C26H37 [M+H]+  349.2900, found 349.2890. [α]20D -2.48 (c = 1.13, CHCl3, l =50 
mm).  
 
Analysis of Stereochemistry The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 1% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic     Reaction Product  
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(R,E)-2-(5-Methyl-1-phenylundec-3-en-5-yl)naphthalene  
(4.77). The reaction was performed according to the Representative 
Procedure (Method B) with 2-bromonaphthalene.  The crude mixture 
was purified by silica gel chromatography (pentane, stain in CAM) to afford the title 
compound as clear, colorless oil (32.6 mg, 88% yield). Rf = 0.1 in pentane on TLC. 1H 
NMR (500 MHz, CDCl3) δ 7.82 (d, J = 8.5 Hz, 2H), 7.67 (d, J = 8.5 Hz, 1H), 7.68 (s, 1H), 
7.49-7.39 (m, 3H), 7.33-7.29 (m, 2H), 7.24-7.20 (m, 3H), 5.72 (d, J = 16.0 Hz, 1H), 5.50 
(dt, J = 13.5, 6.0 Hz, 1H), 2.76 (t, J = 7.5 Hz, 2H), 2.44 (q, J = 8.0 Hz, 2H), 1.85 (td, J = 
13.0, 5.0 Hz, 1H), 1.76 (td, J = 13.0, 4.5 Hz, 1H), 1.44 (s, 3H), 1.30-1.14 (m, 7H), 1.12-
1.04 (m, 1H), 0.89 (t, J = 7.0 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 146.01, 142.15, 
139.99, 133.47, 131.89, 128.73, 128.40, 128.09, 127.51, 127.47, 126.92, 126.11, 125.88, 
125.80, 125.39, 124.67, 43.78, 41.74, 36.29, 34.79, 31.93, 30.23, 25.87, 24.65, 22.84, 
14.22. IR (neat) νmax 3111 (w), 3083 (m), 3025 (m), 2955 (s), 2928 (s), 2855 (s), 1631 (w), 
1600 (m), 1496 (m), 1454 (s), 1375 (m), 1029 (m), 974 (w), 816 (m), 745 (s), 698 (s) cm-
1. HRMS DART+ calc. for C28H35 [M+H]+  371.2739, found 371.2740. The optical rotation 
was too low to be accurately measured. 
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Analysis of Stereochemistry The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 15% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic      Reaction Product  
  
  
(R,E)-1-Methoxy-3-(5-methyl-1-phenylundec-3-en-5-yl)ben- 
zene (4.78). The reaction was performed according to the 
Representative  Procedure  (Method  A)  with  1-chloro-3-methoxyb-
enzene.  The crude mixture was purified by silica gel chromatography (15%) 
CH2Cl2/pentane, stain in CAM) to afford the title compound as clear, colorless oil (32.9 
mg, 94% yield). Rf = 0.3 in 20% CH2Cl2/pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 
7.30-7.27 (m, 2H), 7.22-7.19 (m, 4H), 6.87-6.82 (m, 2H), 6.73 (dd, J = 7.8, 1.8 Hz, 1H), 
5.63 (d, J = 15.6 Hz, 1H), 5.46 (dt, J = 15.6, 6.6 Hz, 1H), 3.81 (s, 3H), 2.73 (t, J = 7.8 Hz, 
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2H), 2.40 (q, J = 7.2 Hz, 2H), 1.71 (td, J = 13.2, 4.8 Hz, 1H), 1.64 (td, J = 13.2, 4.2 Hz, 
1H), 1.32 (s, 3H), 1.29-1.20 (m, 6H), 1.18-1.03 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR 
(150 MHz, CDCl3) δ 159.45, 150.55, 142.18, 139.77, 128.93, 128.69, 128.38, 126.61, 
125.85, 119.38, 113.42, 110.18, 55.26, 43.66, 41.87, 36.33, 34.79, 31.93, 30.21, 25.87, 
24.60, 22.85, 14.24. IR (neat) νmax 3062 (w), 3027 (w), 2929 (s), 2855 (m), 1602 (m), 1582 
(m), 1486 (m), 1454 (m), 1432 (m), 1290 (m), 1251 (m), 1050 (m), 976 (w), 699 (s) cm-1. 
HRMS DART+ calc. for C25H35O [M+H]+  351.2688, found 351.2693. [α]20D -0.617 (c = 
1.06, CHCl3, l =50 mm).  
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 4% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic     Reaction Product  
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(R,E)-1-Methoxy-4-(5-methyl-1-phenylundec-3-en-5yl)ben-zene 
(4.79). The reaction was performed according to the 
Representative Procedure (Method A) with 1-chloro-4-methoxybenzene.  The crude 
mixture was purified by silica gel chromatography (15% CH2Cl2/pentane, stain in CAM) 
to afford the title compound as clear, colorless oil (32.2 mg, 92% yield). Rf = 0.3 in 20% 
CH2Cl2/pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 7.32 (m, 2H), 7.23-7.19 (m, 3H), 
7.14 (d, J = 8.4 Hz, 2H), 6.82 (d, J = 8.4 Hz, 2H), 5.60 (d, J = 15.6 Hz, 1H), 5.43 (dt, J = 
15.0, 6.0 Hz, 1H), 3.81 (s, 3H), 2.74 (t, J = 7.2 Hz, 2H), 2.41 (q, J = 7.2 Hz, 2H), 1.69 (td, 
J = 13.2, 4.8 Hz, 1H), 1.62 (td, J = 12.6, 4.2 Hz, 1H), 1.33-1.19 (m, 9H), 1.16-1.03 (m, 2H), 
0.89 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 157.47, 142.18, 140.77, 140.24, 
128.73, 128.38, 127.73, 126.26, 125.83, 113.36, 55.31, 42.95, 41.96, 36.29, 34.78, 31.95, 
30.22, 26.08, 24.63, 22.85, 14.25. IR (neat) νmax 3062 (w), 3027 (w), 2955 (m), 2928 (s), 
2854 (m), 1607 (w), 1510 (s), 1454 (m), 1247 (s), 1180 (m), 1035 (m), 975 (m), 828 (m), 
745 (m), 698 (s) cm-1. HRMS DART+ calc. for C25H35O [M+H]+  351.2688, found 
351.2690. [α]20D -1.25 (c = 0.937, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic     Reaction Product  
 
  
(R,E)-1,3-Dimethoxy-5-(5-methyl-1-phenylundec-3-en-5yl- 
)benzene (4.80). The reaction was performed according to the 
Representative Procedure (Method B) with 1-bromo-
3,5dimethoxybenzene. The crude mixture was purified by silica gel chromatography (25% 
CH2Cl2/pentane, stain in CAM) to afford the title compound as clear, colorless oil (36.2 
mg, 95% yield). Rf = 0.3 in 30% CH2Cl2/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 
7.30-7.25 (m, 2H), 7.21-7.16 (m, 3H), 6.47 (d, J = 2.0 Hz, 2H), 6.31 (t, J = 2.0 Hz, 1H), 
5.62 (d, J = 15.5 Hz, 1H), 5.46 (dt, J = 15.5, 6.5 Hz, 1H), 3.79 (s, 6H), 2.72 (t, J = 7.5 Hz, 
2H), 2.39 (q, J = 7.0 Hz, 2H), 1.69 (td, J = 13.5, 5.0 Hz, 1H), 1.62 (td, J = 12.5, 5.0 Hz, 
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1H), 1.33-1.20 (m, 2H), 1.18-1.01 (m, 2H), 0.88 (t, J = 7.0 Hz, 3H). 13C NMR (125 MHz, 
CDCl3) δ 160.54, 151.44, 142.17, 139.63, 128.64, 128.37, 126.66, 125.86, 105.54, 97.03, 
55.35, 43.85, 41.84, 36.37, 34.77, 31.92, 30.20, 25.80, 24.57, 22.84, 14.22. IR (neat) νmax 
3026 (w), 2996 (w), 2928 (m), 2855 (w), 1593 (s), 1454 (m), 1421 (m), 1203 (s), 1152 (s), 
1065 (m), 831 (w), 746 (w), 698 (s) cm-1. HRMS DART+ calc. for C26H37O2 [M+H]+  
381.2794, found 381.2803. [α]20D +1.84 (c = 1.37, CHCl3, l =50 mm).  
 
Millimole Scale Procedure. A 50-mL round bottom flask a magnetic stir bar was charged 
with allylic boronate 4.63 (741 mg, 2.00 mmol) and 1-bromo-3,5-dimethoxybenzene (868 
mg, 4.00 mmol). The flask was sealed with rubber septum, and purged with N2 for 10 
minutes. Dioxane (10 mL) was added and the reaction was left to stir. Then a solution of 
Pd(OAc)2 in dioxane (2.00 mL, 0.0400 mmol, 0.02M) and 4.73 in dioxane (2.00 mL, 
0.0800 mmol, 0.04M) were added sequentially via syringe. Then 8M KOH(aq)14 (1.13 mL, 
9.00 mmol) was added via syringe. The reaction was heated to 60 °C under an atmosphere 
of N2 for 14 hours. The reaction was allowed to cool to room temperature, diluted with 
Et2O (20 mL), and filtered through a plug of silica with additional Et2O (30 mL). The 
filtrate was concentrated in vacuo and purified by silica gel chromatography to afford the 
desired compound. The crude material was purified by silica gel chromatography (25% 
CH2Cl2/pentane to 40% CH2Cl2/pentane, stain in CAM) to afford the title compound as a 
clear, colorless oil (691 mg, 91% yield). The spectral data matched those above.  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic      Reaction Product  
  
 
(R,E)-1-(5-Methyl-1-phenylundec-3-en-5-yl)-4(trifluorome- 
thyl)benzene (4.81). The reaction was performed according to the 
Representative Procedure (Method A) with 1-bromo-4-(trifluoromethyl)benzene.  The 
crude mixture was purified by silica gel chromatography (pentane, stain in CAM) to afford 
the title compound as clear, colorless oil (37.0 mg, 95% yield). Rf = 0.2 in hexanes on TLC. 
1H NMR (600 MHz, CDCl3) δ 7.51 (d, J = 7.8 Hz, 2H), 7.32-7.27 (m, 4H), 7.23-7.17 (m, 
3H), 5.57 (d, J = 16.2 Hz, 1H), 5.45 (dt, J = 15.6, 7.2 Hz, 1H), 2.74 (t, J = 6.6 Hz, 2H), 2.43 
(q, J = 7.2 Hz, 2H), 1.72 (td, J = 13.2, 4.2 Hz, 1H), 1.66 (td, J = 13.2, 4.8 Hz, 1H), 1.33 (s, 
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3H), 1.311.20 (m, 6H), 1.16-0.99 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, 
CDCl3) δ 152.82, 141.95, 139.16, 128.75, 128.43, 127.88 (q, J = 32.3 Hz), 127.38, 127.14, 
125.93, 124.96 (q, J = 3.5 Hz), 43.87, 41.76, 36.11, 34.70, 31.89, 30.13, 25.90, 24.54, 22.82, 
14.21. 19F NMR (564 MHz, CDCl3) δ -62.28. IR (neat) νmax 3027 (w), 2957 (w), 2929 (m), 
2856 (w), 1454 (w), 1325 (s), 1163 (m), 1121 (s), 1069 (m), 1015 (m), 840 (m), 745 (m), 
698 (m) cm-1. HRMS (DART) calc. for C25H32F3 [M+H]+  389.2456, found 389.2467. 
[α]20D -0.487 (c = 1.17, CHCl3, l =50 mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 2% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic     Reaction Product  
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(R,E)-5-(5-Methyl-1-phenylundec-3-en-5-yl)benzofuran  
(4.82). The reaction was performed according to the Representative 
Procedure (Method A) with 5-bromobenzofuran. The crude mixture was purified by silica 
gel chromatography (10% CH2Cl2/pentane, stain in CAM) to afford the title compound as 
clear, colorless oil (30.0 mg, 83% yield). Rf = 0.4 in 10% CH2Cl2/pentane on TLC. 1H 
NMR (600 MHz, CDCl3) δ 7.60 (d, J = 2.4 Hz, 1H), 7.45 (d, J = 1.8 Hz, 1H), 7.40 (d, J = 
9.0 Hz, 1H), 7.32-7.29 (m, 2H), 7.24-7.16 (m, 4H), 6.74 (d, J = 3.0 Hz, 1H), 5.67 (d, J = 
15.6 Hz, 1H), 5.47 (dt, J = 15.6, 6.6 Hz, 1H), 2.76 (t, J = 7.2 Hz, 2H), 2.44 (q, J = 7.2 Hz, 
2H), 1.78 (td, J = 13.2, 5.4 Hz, 1H), 1.71 (td, J = 13.2, 4.8 Hz, 1H), 1.38 (s, 3H), 1.30-1.21 
(m, 6H), 1.19-1.03 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 153.35, 
145.01, 143.24, 142.16, 140.43, 128.75, 128.39, 127.12, 126.35, 125.86, 123.65, 118.92, 
110.70, 106.90, 43.58, 42.25, 36.26, 34.76, 31.95, 30.23, 26.50, 24.68, 22.84, 14.24. IR 
(neat) νmax 3085 (w), 3063 (w), 3025 (m), 2956 (s), 2927 (s), 2854 (s), 1603 (w), 1538 (w), 
1466 (s), 1374 (m), 1329 (m), 1258 (m), 1134 (s), 1080 (s), 1031 (s), 975 (s), 811 (m), 736 
(s), 698 (s) cm-1. HRMS DART+ calc. for C26H33O [M+H]+  361.2531, found 361.2538. 
[α]20D -1.28 (c = 0.827, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 7% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic     Reaction Product  
 
  
(R,E)-5-(5-Methyl-1-phenylundec-3-en-5-yl)benzo[d][1,3]d- 
ioxole (4.83). The reaction was performed according to the 
Representative Procedure (Method A) with 5-chlorobenzo[d][1,3]dioxole. The crude 
mixture was purified by silica gel chromatography (10% CH2Cl2/pentane, stain in CAM) 
to afford the title compound as clear, colorless oil (27.7 mg, 76% yield). Rf = 0.2 in 10% 
CH2Cl2/pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 7.31-7.26 (m, 2H), 7.22-7.16 (m, 
3H), 6.77 (d, J = 1.8 Hz, 1H), 6.71 (d, J = 8.4 Hz, 1H), 6.66 (dd, J = 8.4, 1.8 Hz, 1H), 5.93 
(s, 2H), 5.56 (d, J = 16.2 Hz, 1H), 5.43 (dt, J = 15.6, 6.0 Hz, 1H), 2.73 (t, J = 7.2 Hz, 2H), 
2.40 (q, J = 7.2 Hz, 2H), 1.66 (td, J = 13.8, 4.8 Hz, 1H), 1.60 (td, J = 13.2, 4.8 Hz, 1H), 
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1.31-1.20 (m, 9H), 1.181.01 (m, 2H), 0.88 (t, J = 7.2 Hz, 3H). 13C NMR (125 MHz, CDCl3) 
δ 147.47, 145.31, 142.84, 142.11, 140.04, 128.71, 128.39, 126.44, 125.88, 119.57, 107.68, 
107.67, 100.86, 43.49, 42.04, 36.25, 34.76, 31.95, 30.20, 26.21, 24.60, 22.84, 14.23.  IR 
(neat) νmax 3085 (w), 3062 (w), 3025 (w), 2955 (m), 2927 (s), 2855 (m), 1502 (m), 1485 
(s), 1431 (m), 1375 (w), 1343 (w), 1234 (s), 1113 (w), 1040 (s), 976 (w), 917 (m), 810 (m), 
746 (m), 727 (m), 698 (s) cm-1. HRMS DART+ calc. for C25H32O2 [M+H]+  364.2402, 
found 364.2411. The optical rotation was too low to be accurately measured.  
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic    Reaction Product 
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 (R,E)-2-(5-Methyl-1-phenylundec-3-en-5-yl)pyridine (4.84). The 
reaction was performed according to the Representative Procedure 
(Method E) with 2-chloropyridine hydrochloride.  The crude mixture was purified by silica 
gel chromatography (55% CH2Cl2/hexanes, stain in KMnO4) to afford the title compound 
as clear, colorless oil (15.0 mg, 47% yield). Rf = 0.4 in CH2Cl2 on TLC. 1H NMR (600 
MHz, CDCl3) δ 8.46 (d, J = 4.2 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 7.19-7.15 (m, 2H), 7.10-
7.06 (m, 3H), 6.99 (d, J = 7.8 Hz, 1H), 6.95 (dd, J = 7.2, 4.8 Hz, 1H), 5.63 (d, J = 15.6 Hz, 
1H), 5.37 (dt, J = 15.6, 7.2 Hz, 1H), 2.62 (t, J = 7.2 Hz, 2H), 2.31 (q, J = 7.2 Hz, 2H), 1.74 
(td, J = 13.2, 4.8 Hz, 1H), 1.62 (td, J = 13.2, 4.8 Hz, 1H), 1.28 (s, 3H), 1.20-1.09 (m, 6H), 
1.02-0.89 (m, 2H), 0.75 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 167.46, 148.76, 
142.15, 138.98, 136.02, 128.73, 128.38, 127.20, 125.82, 121.28, 120.73, 46.24, 41.38, 
36.19, 34.81, 31.93, 30.12, 24.57, 24.42, 22.81, 14.22. IR (neat) νmax 3062 (w), 3026 (w), 
2955 (s), 2927 (s), 2855 (s), 1587 (m), 1569 (w), 1468 (m), 1429 (m), 978 (w), 746 (s), 698 
(s) cm-1. HRMS DART calc. for C23H32N [M+H]+  322.2535, found 322.2538. [α]20D -9.55 
(c = 0.610, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (AD-H, Chiraldex, 5 mL/min, 4% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic     Reaction Product 
 
 
 (R,E)-3-(5-Methyl-1-phenylundec-3-en-5-yl)pyridine  (4.85).  The 
reaction was performed according to the Representative Procedure 
(Method E) with 3-chloropyridine hydrochloride.  The crude mixture was purified by silica 
gel chromatography (8% ethyl acetate/hexanes, stain in KMnO4) to afford the title 
compound as clear, colorless oil (27.8 mg, 87% yield). Rf = 0.2 in 20% ethyl 
acetate/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 8.52 (s, 1H), 8.41 (d, J = 4.8 Hz, 
1H), 7.45 (d, J = 8.4 Hz, 1H), 7.30-7.12 (m, 6H), 5.57 (d, J = 16.2 Hz, 1H), 5.43 (dt, J = 
15.6, 6.0 Hz, 1H), 2.71 (t, J = 7.8 Hz, 2H), 2.40 (q, J = 7.2 Hz, 2H), 1.71 (td, J = 14.4, 5.4 
Hz, 1H), 1.65 (td, J = 12.6, 4.8 Hz, 1H), 1.33 (s, 3H), 1.31-1.16 (m, 6H), 1.14-1.00 (m, 
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2H), 0.86 (t, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 148.77, 147.00, 143.64, 
141.90, 138.83, 134.43, 128.68, 128.40, 127.60, 125.90, 122.97, 42.46, 41.61, 36.10, 
34.67, 31.86, 30.05, 25.69, 24.47, 22.77, 14.19. IR (neat) νmax 3059 (w), 3026 (w), 2955 
(m), 2928 (s), 2855 (m), 1466 (m), 1414 (w), 1021 (w), 976 (w), 745 (m), 715 (s), 699 (s) 
cm-1. HRMS DART+ calc. for C23H32N [M+H]+  322.2535, found 322.2548. [α]20D -2.18 
(c = 1.20, CHCl3, l =50 mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding primary alcohol upon ozonolysis and reduction.  
 
Chiral SFC (AD-H, Chiraldex, 5 mL/min, 4% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic     Reaction Product  
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 (S)-2-Methyl-2-(pyridin-3-yl)octan-1-ol (4.127). Prepared according to a 
literature precedent.2 The crude mixture was purified by silica gel 
chromatography (25% ethyl acetate/pentane, stain in KMnO4) to afford the title compound 
as clear, colorless oil. Rf = 0.3 in 40% ethyl acetate/hexanes on TLC. 1H NMR (600 MHz, 
CDCl3) δ 8.58 (s, 1H), 8.47 (d, J = 5.4 Hz, 1H), 7.91 (d, J = 8.4 Hz, 1H), 7.45 (dd, J = 8.4, 
6.0 Hz, 1H), 3.75 (d, J = 10.2 Hz, 1H), 3.60 (d, J = 10.8 Hz, 1H), 1.77 (td, J = 13.8, 4.8 Hz, 
1H), 1.59 (td, J = 12.6, 4.8 Hz, 1H), 1.37 (s, 3H), 1.28-1.14 (m, 8H), 0.97-0.90 (m, 1H), 
0.86 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 146.64, 145.07, 137.87, 124.72, 
71.18, 42.71, 38.21, 31.73, 29.92, 23.83, 22.70, 21.44, 14.15. IR (neat) νmax 3502 (br), 
2927 (s), 28.57 (m), 2368 (s), 2312 (m), 2274 (w), 1486 (m), 1430 (m), 1378 (s), 1168 (s), 
1040 (s), 811 (m), 724 (s) cm-1. HRMS DART+ calc. for C14H24NO [M+H]+  222.1858, 
found 222.1854. [α]20D -6.28 (c = 0.165, CHCl3, l =50 mm).  
 
(R,E)-4-(5-Methyl-1-phenylundec-3-en-5-yl)pyridine (4.86). The 
reaction was performed according to the Representative Procedure 
(Method E) with 4-chloropyridine hydrochloride.  The crude mixture was purified by silica 
gel chromatography (20% ethyl acetate/hexanes, stain in KMnO4) to afford the title 
compound as clear, colorless oil (26.4 mg, 82% yield). Rf = 0.4 in 40% ethyl 
acetate/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 8.45 (d, J = 6.0 Hz, 2H), 7.29-
7.25 (m, 2H), 7.21-7.15 (m, 3H), 7.06 (d, J = 6.6 Hz, 2H), 5.52 (d, J = 16.2 Hz, 1H), 5.43 
(dt, J = 15.0, 6.0 Hz, 1H), 2.72 (t, J = 7.8 Hz, 2H), 2.41 (q, J = 7.2 Hz, 2H), 1.70-1.57 (m, 
2H), 1.29 (s, 3H), 1.27-1.16 (m, 6H), 1.12-0.98 (m, 1H), 0.86 (t, J = 6.6 Hz, 3H). 13C NMR 
(150 MHz, CDCl3) δ 157.63, 149.66, 141.82, 138.27, 128.71, 128.42, 127.89, 125.93, 
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122.11, 43.55, 41.30, 36.01, 34.63, 31.83, 30.04, 25.22, 24.42, 22.76, 14.18. IR (neat) νmax 
3062 (w), 3025 (w), 2954 (m), 2928 (s), 2855 (m), 1594 (s), 1495 (m), 1454 (m), 1409 (m), 
975 (w), 821 (m), 745 (m), 698 (s) cm-1. HRMS (DART) calc. for C23H32N [M+H]+  
322.2535, found 322.2546. [α]20D -5.24 (c = 1.03, CHCl3, l =50 mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding primary alcohol upon ozonolysis and reduction.  
 
Chiral SFC (AD-H, Chiraldex, 3 mL/min, 10% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
Racemic      Reaction Product 
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 (S)-2-Methyl-2-(pyridin-4-yl)octan-1-ol (4.128). Prepared according to a 
literature precedent.2 The crude mixture was purified by silica gel 
chromatography (20% ethyl acetate/pentane, stain in KMnO4) to afford the title compound 
as clear, colorless oil. Rf = 0.3 in 40% ethyl acetate/hexanes on TLC. 1H NMR (600 MHz, 
CDCl3) δ 8.49 (d, J = 6.6 Hz, 2H), 7.45 (d, J = 6.6 Hz, 2H), 3.76 (d, J = 10.2 Hz, 1H), 3.61 
(d, J = 10.8 Hz, 1H), 1.74 (td, J = 13.2, 4.2 Hz, 1H), 1.57 (td, J = 13.2, 4.2 Hz, 1H), 1.36 
(s, 3H), 1.29-1.11 (m, 8H), 0.93-0.87 (m, 1H), 0.85 (t, J = 6.6 Hz, 3H). 13C NMR (150 
MHz, CDCl3) δ 159.89, 147.14, 123.97, 71.01, 44.18, 38.14, 31.69, 29.93, 23.84, 22.69, 
21.21, 14.13. IR (neat) νmax 3474 (br), 2953 (m), 2927 (s), 2857 (m), 2367 (s), 2313 (m), 
2277 (m), 1628 (m), 1465 (w), 1433 (m), 1170 (s), 1067 (m), 1038 (m), 834 (m) cm-1. 
HRMS DART+ calc. for C14H23NO [M+H]+  222.1858, found 222.1858. [α]20D -6.83 (c = 
0.420, CHCl3, l =50 mm).  
 
(R,E)-5-(5-Methyl-1-phenylundec-3-en-5-yl)-2(piperidin-1-
yl)pyrimidine (4.87). The reaction was performed according to 
the Representative Procedure (Method B) with 5-bromo-2-
(piperidin-1-yl)pyrimidine. The crude mixture was purified by silica gel chromatography 
(1.5% ethyl acetate/hexanes, stain in CAM) to afford the title compound as clear, colorless 
oil (32.7 mg, 81% yield). Rf = 0.3 in 5% ethyl acetate/hexanes on TLC. 1H NMR (600 
MHz, CDCl3) δ 8.20 (s, 2H), 7.29-7.25 (m, 2H), 7.20-7.15 (m, 3H), 5.52 (d, J = 15.6 Hz, 
1H), 5.41 (dt, J = 16.2, 6.0 Hz, 1H), 3.78-3.75 (m, 4H), 2.68 (t, J = 7.2 Hz, 2H), 2.35 (q, J 
= 7.2 Hz, 2H), 1.80-1.54 (m, 8H), 1.42-1.04 (m, 11H), 0.87 (t, J = 7.2 Hz, 3H). 13C NMR 
(150 MHz, CDCl3) δ 160.51, 156.57, 141.98, 138.94, 128.61, 128.38, 127.84, 127.37, 
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125.90, 44.98, 41.41, 40.36, 36.24, 34.72, 31.92, 30.08, 25.87, 25.55, 25.02, 24.48, 22.81, 
14.21. IR (neat) νmax 3025 (w), 2928 (m), 2852 (m), 1595 (s), 1495 (s), 1444 (m), 1365 
(m), 1271 (m), 1256 (w), 947 (w), 798 (w), 698 (m) cm-1. HRMS DART+ calc. for 
C27H40N3 [M+H]+  406.3222, found 406.3228. [α]20D -3.80 (c = 1.00, CHCl3, l =50 mm).  
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis.  
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 8% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
Racemic      Reaction Product  
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(R,E)-1-Methyl-5-(5-methyl-1-phenylundec-3-en-5-yl)-1H- 
indole (4.88). The reaction was performed according to the 
Representative Procedure (Method B) with 5-bromo-1-methyl-1H-indole. The crude 
mixture was purified by silica gel chromatography (3% CH2Cl2/hexanes to 10% 
CH2Cl2/hexanes, stain in CAM) to afford the title compound as clear, colorless oil (26.0 
mg, 70% yield). Rf = 0.2 in 10% CH2Cl2/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 
7.51 (s, 1H), 7.32-7.28 (m, 2H), 7.26-7.20 (m, 4H), 7.16 (m, 1H), 7.03 (d, J = 3.0 Hz, 1H), 
6.46 (d, J = 3.0 Hz, 1H), 5.71 (d, J = 15.0 Hz, 1H), 5.47 (dt, J = 15.6, 7.2 Hz, 1H), 3.78 (s, 
3H), 2.75 (t, J = 7.8 Hz, 2H), 2.43 (q, J = 7.2 Hz, 2H), 1.81 (td, J = 13.2, 4.8 Hz, 1H), 1.73 
(td, J = 13.2, 4.8 Hz, 1H), 1.40 (s, 3H), 1.32-1.06 (m, 8H), 0.88 (t, J = 6.0 Hz, 3H). 13C 
NMR (150 MHz, CDCl3) δ 142.34, 140.97, 139.53, 135.12, 128.81, 128.74, 128.38, 
128.32, 125.83, 125.81, 121.25, 118.42, 108.68, 101.05, 43.45, 42.25, 36.39, 34.87, 32.94, 
31.98, 30.31, 26.49, 24.75, 22.87, 14.25. IR (neat) νmax 3025 (w), 2955 (m), 2928 (s), 2854 
(m), 1514 (w), 1489 (m), 1454 (m), 1335 (w), 1248 (m), 975 (w), 798 (m), 718 (s), 698 (s) 
cm-1. HRMS DART+ calc. for C27H36N [M+H]+  374.2848, found 374.2833. [α]20D -3.54 
(c = 0.800, CHCl3, l =50 mm).  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 15% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
Racemic     Reaction Product  
 
 
 (R,E)-1,3,-Dimethoxy-5-(7-methyltetradec-8-en-7-yl)ben- 
zene (4.89) The reaction was performed according to the 
Representative Procedure (Method B) with 1-bromo-3,5-
dimethoxybenzene. The crude mixture was purified by silica gel chromatography (15% 
CH2Cl2/pentane, stain in CAM) to afford the title compound as clear, colorless oil (30.2 
mg, 87% yield). Rf = 0.2 in 20% CH2Cl2/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 
6.49 (d, J = 2.4 Hz, 2H), 6.30 (t, J = 2.4 Hz, 1H), 5.58 (d, J = 15.0 Hz, 1H), 5.42 (dt, J = 
15.6, 6.6 Hz, 1H), 3.78 (s, 6H), 2.06 (q, J = 7.2 Hz, 2H), 1.71 (td, J = 13.8, 4.8 Hz, 1H), 
1.63 (td, J = 13.2, 4.2 Hz, 1H), 1.39 (p, J = 7.2 Hz, 2H), 1.34-1.07 (m, 17H), 0.89 (t, J = 
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7.2 Hz, 3H), 0.86 (t, J = 6.6 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 160.51, 151.76, 
138.77, 127.74, 105.49, 97.08, 55.34, 43.86, 41.87, 32.94, 31.95, 31.59, 30.22, 29.55, 
25.90, 24.65, 22.83, 22.71, 14.22. IR (neat) νmax 3015 (w), 2955 (m), 2927 (s), 2855 (m), 
1595 (s), 1456 (m), 1421 (m), 1308 (w), 1204 (m), 1154 (s), 1067 (w), 976 (w), 831 (w), 
699 (w) cm-1. HRMS DART+ calc. for C23H39O2 [M+H]+  347.2950, found 347.2966. 
[α]20D -2.31 (c = 0.940, CHCl3, l =50 mm). 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OD-H, Chiraldex, 3 mL/min, 0% iPrOH, 100 bar, 35 °C) - analysis of the 
reaction product.  
Racemic     Reaction Product  
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(R,E)-1-(1-(2-Chlorophenyl)-5-methylundec-3-en-5-yl)- 
3,5-dimethoxybenzene (4.90). The reaction was performed 
according to the Representative Procedure (Method B) with 1-
bromo-3,5-dimethoxybenzene. The crude mixture was purified by silica gel 
chromatography (25% CH2Cl2/pentane stain in CAM) to afford the title compound as clear, 
colorless oil (33.2 mg, 80% yield). Rf = 0.2 in 30% CH2Cl2/hexanes on TLC. 1H NMR 
(600 MHz, CDCl3) δ 7.34 (dd, J = 8.4, 1.8 Hz, 1H), 7.22-7.15 (m, 2H), 7.13 (dt, J = 7.8, 
2.4 Hz, 1H), 6.46 (d, J = 2.4 Hz, 2H), 6.31 (t, J = 2.4 Hz, 1H), 5.61 (d, J = 16.2 Hz, 1H), 
5.47 (dt, J = 15.6, 6.6 Hz, 1H), 3.79 (s, 6H), 2.84 (t, J = 6.6 Hz, 2H), 2.40 (q, J = 7.2 Hz, 
2H), 1.69 (td, J = 13.2, 5.4 Hz, 1H), 1.62 (td, J = 12.6, 4.8 Hz, 1H), 1.32-1.20 (m, 9H), 
1.17-1.02 (m, 2H), 0.87 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 160.53, 151.38, 
139.94, 139.62, 134.09, 130.68, 129.53, 127.37, 126.75, 126.25, 105.49, 97.05, 55.35, 
43.85, 41.81, 33.95, 33.03, 31.92, 30.19, 25.77, 24.56, 22.84, 14.24. IR (neat) νmax 3065 
(w), 2995 (w), 2953 (m), 2928 (s), 2855 (w), 1593 (s), 1454 (m), 1421 (m), 1289 (w), 1203 
(s), 1152 (s), 1050 (m), 974 (w), 831 (w), 749 (s), 699 (m) cm-1. HRMS DART+ calc. for 
C26H36ClO2 [M+H]+  415.2404, found 415.2411. [α]20D -0.566 (c = 0.960, CHCl3, l =50 
mm). 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 1% iPrOH, 100 bar, 35 °C) - analysis of the 
reaction product.  
Racemic      Reaction Product 
 
 
 (R,E)-1-(7,13-Dimethyltetradeca-8,13-dien-7-yl)-3,5di- 
methoxybenzene (4.91). The reaction was performed according 
to the Representative Procedure (Method B) with 1-bromo-3,5-
dimethoxybenzene. The crude mixture was purified by silica gel chromatography (15% 
CH2Cl2/pentane, stain in CAM) to afford the title compound as clear, colorless oil (34.1 
mg, 95% yield). Rf = 0.2 in 20% CH2Cl2/hexanes on TLC. 1H NMR (600 MHz, CDCl3) δ 
6.49 (d, J = 2.4 Hz, 2H), 6.30 (t, J = 2.4 Hz, 1H), 5.60 (d, J = 15.6 Hz, 1H), 5.42 (dt, J = 
15.6, 6.6 Hz, 1H), 4.71 (s, 1H), 4.67 (s, 1H), 3.79 (s, 6H), 2.10-2.01 (m, 4H), 1.75-1.67 (m, 
4H), 1.64 (td, J = 12.0, 4.8 Hz, 1H), 1.54 (p, J = 7.2 Hz, 2H), 1.32 (s, 3H), 1.30-1.08 (m, 
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8H), 0.86 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 160.52, 151.62, 146.09, 
139.24, 127.31, 109.95, 105.50, 97.07, 55.34, 43.87, 41.85, 37.44, 32.57, 31.94, 30.21, 
27.81, 25.85, 24.64, 22.83, 22.56, 14.22. IR (neat) νmax 2929 (m), 2856 (w), 1594 (s), 1455 
(m), 1422 (m), 1204 (s), 1153 (s), 1066 (w) cm-1. HRMS DART+ calc. for C24H39O2 
[M+H]+  359.2950, found 359.2965. [α]20D -2.18 (c = 1.14, CHCl3, l =50 mm). The 
enantiomers were not able to be separated with chiral chromatography techniques. 
 
(R,E)-tert-Butyl((5-(3,5-dimethoxyphenyl)-5-methylundec- 
3-en-1-yl)oxy)dimethylsilane  (4.92).  The reaction was 
performed according to the Representative Procedure (Method B) 
with 1-bromo-3,5-dimethoxybenzene. The crude mixture was purified by silica gel 
chromatography (45% CH2Cl2/pentane, stain in CAM) to afford the title compound as 
clear, colorless oil (41.2 mg, 95% yield). Rf = 0.2 in 30% CH2Cl2/hexanes on TLC. 1H 
NMR (600 MHz, CDCl3) δ 6.47 (d, J = 2.4 Hz, 2H), 6.30 (d, J = 2.4 Hz, 1H), 5.66 (d, J = 
15.6 Hz, 1H), 5.43 (dt, J = 15.6, 6.6 Hz, 1H), 3.78 (s, 6H), 3.65 (t, J = 7.2 Hz, 2H), 2.28 (q, 
J = 7.2 Hz, 2H), 1.71 (td, J = 13.2, 4.8 Hz, 1H), 1.63 (td, J = 13.2, 4.2 Hz, 1H), 1.31 (s, 
3H), 1.30-1.06 (m, 8H), 0.90 (s, 9H), 0.859 (t, J = 6.6 Hz, 3H), 0.06 (s, 6H). 13C NMR 
(150 MHz, CDCl3) δ 160.52, 151.34, 140.86, 123.85, 105.50, 97.02, 63.56, 55.32, 43.95, 
41.78, 36.67, 31.91, 30.18, 26.10, 26.08, 25.69, 24.58, 22.83, 18.50, 14.22, -5.11. IR (neat) 
νmax 2953 (m), 2929 (s), 2856 (m), 1595 (s), 1458 (m), 1422 (w), 1254 (w), 1204 (m), 1154 
(s), 1099 (s), 833 (s), 775 (m) cm-1. HRMS DART+ calc. for C26H47O3Si [M+H]+  
435.3295, found 435.3310. [α]20D -0.704 (c = 0.812, CHCl3, l =50 mm).  
 
694 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis of the corresponding primary alcohol after silyl deprotection. 
 
Chiral SFC (OD-H, Chiraldex, 5.0 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
Racemic     Reaction Product  
  
 
  (R,E)-5-(3,5-Dimethoxyphenyl)-5-methylundec-3-en-1-ol  
(4.129). A 2-dram vial with a magnetic stir bar was charged with 
4.92 and purged with N2. THF (1 mL) was added followed by 
TBAF (10 equiv., 1M in THF). The reaction was left to stir under N2 at room temperature 
for 4h. The reaction was quenched with H2O (2 mL) and poured into a separatory funnel 
with Et2O (5 mL).The layers were separated and the aqueous layer was extracted with Et2O 
(2 x 5 mL). The organic layers were combined, dried over Na2SO4(s), filtered, and 
concentrated in vacuo. The crude mixture was purified by silica gel chromatography (20% 
ethyl acetate/pentane, stain in CAM) to afford the title compound as clear, colorless oil. Rf 
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= 0.3 in 30% ethyl acetate/hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 6.47 (d, J = 2.5 
Hz, 2H), 6.30 (t, J = 2.5 Hz, 1H), 5.73 (d, J = 15.5 Hz, 1H), 5.40 (dt, J = 15.5, 6.5 Hz, 1H), 
3.78 (s, 6H), 3.66 (t, J = 6.0 Hz, 2H), 2.33 (q, J = 6.5 Hz, 2H), 1.73 (td, J = 11.5, 5.5 Hz, 
1H), 1.64 (td, J = 12.5, 5.0 Hz, 1H), 1.33 (s, 3H), 1.311.04 (m, 9H), 0.86 (t, J = 6.5 Hz, 
3H). 13C NMR (125 MHz, CDCl3) δ 160.61, 151.02, 142.71, 123.08, 105.46, 97.15, 62.40, 
55.36, 44.07, 41.77, 36.39, 31.90, 30.15, 25.58, 24.63, 22.81, 14.20. IR (neat) νmax 3406 
(br), 2954 (m), 2930 (m), 2857 (w), 1595 (s), 1456 (m), 1422 (m), 1204 (m), 1154 (s), 1046 
(m) cm-1. HRMS DART+ calc. for C20H33O3 [M+H]+  321.2430, found 321.2435. [α]20D -
2.20 (c = 0.955, CHCl3, l =50 mm).  
 
1-Methoxy-4-((R,E)-3-methyl-3-((E)-4-phenylbut-1en-1- 
yl)non-1-en-1-yl)benzene (4.93). The reaction was performed 
according to the Representative Procedure (Method B) with 
4.114. The crude mixture was purified by silica gel chromatography (10% CH2Cl2/pentane, 
stain in CAM) to afford the title compound as clear, colorless oil (32.2 mg, 80% yield). Rf 
= 0.3 in 20% CH2Cl2/pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 7.33-7.27 (m, 4H), 
7.22-7.18 (m, 3H), 6.86 (d, J = 8.4 Hz, 2H), 6.20 (d, J = 16.2 Hz, 1H), 6.05 (d, J = 16.8 Hz, 
1H), 5.51-5.39 (m, 2H), 3.82 (s, 3H), 2.71 (t, J = 7.8 Hz, 2H), 2.38 (q, J = 7.2 Hz, 2H), 
1.46-1.38 (m, 2H), 1.36-1.19 (m, 8H), 1.15 (s, 3H), 0.90 (t, J = 5.4 Hz, 3H). 13C NMR (150 
MHz, CDCl3) δ 158.80, 142.22, 138.91, 137.14, 131.02, 128.69, 128.35, 127.27, 126.81, 
125.99, 125.83, 114.03, 55.44, 42.03, 41.76, 36.35, 34.83, 32.01, 30.26, 24.55, 24.25, 
22.85, 14.26. IR (neat) νmax 3085 (w), 3063 (w), 3027 (w), 2955 (m), 2927 (s), 2855 (m), 
1607 (w), 1510 (s), 1441 (m), 1278 (w), 1246 (s), 1174 (m), 1037 (m), 971 (m), 851 (w), 
696 
817 (w), 746 (w), 698 (w) cm-1. HRMS DART+ calc. for C27H37O [M+H]+  377.2844, 
found 377.2828. The optical rotation was too low to be accurately measured. The 
enantiomers were not able to be separated with chiral chromatography techniques.  
 
 ((S,3E,6E)-5-Hexyl-5-methyltrideca-3,6-dien-1-yl)benzene  
(4.94). The reaction was performed according to the Representative 
Procedure (Method C) with S5. The crude mixture was purified by silica gel 
chromatography (pentane, stain in CAM) to afford the title compound as clear, colorless 
oil (31.2 mg, 88% yield). Rf = 0.6 in pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 7.30-
7.25 (m, 2H), 7.20-7.16 (m, 3H), 5.41-5.31 (m, 3H), 5.25 (dt, J = 15.6, 6.6 Hz, 1H), 2.69 
(t, 7.8 Hz, 2H), 2.34 (q, J = 6.6 Hz, 2H), 2.00 (q, J = 6.0 Hz, 2H), 1.40-1.13 (m, 18H), 1.02 
(s, 3H), 0.92-0.88 (m, 6H). 13C NMR (125 MHz, CDCl3) δ 142.33, 139.57, 138.53, 128.69, 
128.33, 127.27, 126.08, 125.79, 42.05, 41.33, 36.44, 34.83, 32.97, 32.05, 31.90, 30.29, 
29.82, 28.97, 24.49, 24.38, 22.87, 22.83, 14.27. IR (neat) νmax 3086 (w), 3026 (m), 2956 
(s), 2925 (s), 2854 (s), 1496 (m), 1454 (s), 1376 (m), 1342 (w), 1030 (w), 972 (s), 744 (s), 
697 (s) cm-1. HRMS DART+ calc. for C26H43 [M+H]+  355.3365, found 355.3367. The 
optical rotation was too low to be accurately measured. The enantiomers were not able to 
be separated with chiral chromatography techniques. 
 
((R,E)-5-((E)-2-Cyclohexylvinyl)-5-methylundec-3-en-1yl)benz-
ene (4.95). The reaction was performed according to the 
Representative Procedure (Method C) with S6. The crude mixture 
was purified by silica gel chromatography (pentane, stain in CAM) to afford the title 
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compound as clear, colorless oil (29.6 mg, 90% yield). Rf = 0.7 in pentane on TLC. 1H 
NMR (600 MHz, CDCl3) δ 7.29-7.25 (m, 2H), 7.20-7.16 (m, 3H), 5.43-5.28 (m, 3H), 5.21 
(dd, J = 15.6, 6.0 Hz, 1H), 2.69 (t, J = 7.8 Hz, 2H), 2.34 (q, J = 6.6 Hz, 2H), 1.95-1.87 (m, 
1H), 1.76-1.62 (m, 6H), 1.33-1.02 (m, 14H), 1.01 (s, 3H), 0.90 (t, J = 7.2 Hz, 3H). 13C 
NMR (150 MHz, CDCl3) δ 142.34, 139.68, 135.94, 133.18, 128.70, 128.32, 126.04, 
125.79, 42.03, 41.09, 41.07, 36.45, 34.81, 33.59, 32.04, 30.28, 26.43, 26.33, 24.44, 24.38, 
22.87, 14.28. IR (neat) νmax 3086 (w), 3062 (w), 3026 (m), 2955 (m), 2923 (s), 2851 (s), 
1496 (m), 1450 (s), 1374 (w), 1030 (w), 972 (s), 892 (w), 744 (m), 697 (s) cm-1. HRMS 
DART+ calc. for C26H41 [M+H]+  353.3208, found 353.3220. The optical rotation was too 
low to be accurately measured. The enantiomers were not able to be separated with chiral 
chromatography techniques. 
 
(S,E)-(5-Methyl-5-vinylundec-3-en-1-yl)benzene (4.96). The reaction 
was performed according to the Representative Procedure (Method A) 
utilizing vinyl bromide as a solution in THF (1M). The crude mixture was purified by silica 
gel chromatography (pentane, stain in CAM) to afford the title compound as clear, colorless 
oil (20.5 mg, 76% yield). Rf = 0.5 in pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 7.29-
7.25 (m, 2H), 7.20-7.16 (m, 3H), 5.78 (dd, J = 18.0, 11.4 Hz, 1H), 5.42-5.35 (m, 2H), 4.94 
(dd, J = 10.2, 1.8 Hz, 1H), 4.89 (dd, J = 17.4, 1.8 Hz, 1H), 2.69 (t, J = 7.8 Hz, 2H), 2.37-
2.32 (m, 2H), 1.35-1.20 (m, 10H), 1.04 (s, 3H), 0.89 (t, J = 7.2 Hz, 3H). 13C NMR (150 
MHz, CDCl3) δ 146.94, 142.25, 138.60, 128.67, 128.35, 126.74, 125.82, 111.17, 42.27, 
41.53, 36.38, 34.84, 32.01, 30.23, 24.41, 23.58, 22.85, 14.27. IR (neat) νmax 3105 (w), 3063 
(w), 3026 (w), 2957 (m), 2927 (s), 2856 (m), 1604 (w), 1496 (w), 1454 (m), 1371 (w), 
698 
1030 (w), 972 (m), 910 (s), 744 (m), 697 (s) cm-1. HRMS DART+ calc. for C20H31 [M+H]+  
271.2426, found 271.2434. The optical rotation was too low to be accurately measured. 
The enantiomers were not able to be separated with chiral chromatography techniques. 
 
(S,E)-5-Methyl-5-((Z)-prop-1-en-1-yl)undec-3-en-1-yl)benzene  
(4.66). The reaction was performed according to the Representative 
Procedure (Method A) with (Z)-1-bromoprop-1-ene. The crude mixture was purified by 
silica gel chromatography (pentane, stain in CAM) to afford the title compound as clear, 
colorless oil (26.8 mg, 94% yield). Rf = 0.3 in pentane on TLC. 1H NMR (600 MHz, 
CDCl3) δ 7.31-7.25 (m, 2H), 7.21-7.15 (m, 3H), 5.51 (d, J = 16.2 Hz, 1H), 5.45-5.34 (m, 
2H), 5.29 (d, J = 12.0 Hz, 1H), 2.70 (t, J = 7.2 Hz, 2H), 2.37 (q, J = 7.2 Hz, 2H), 1.60 (d, J 
= 6.6 Hz, 3H), 1.42-1.18 (m, 10H), 1.12 (s, 3H), 0.90 (t, J = 7.2 Hz, 3H).  13C NMR (125 
MHz, CDCl3) δ 142.34, 139.33, 138.25, 128.63, 128.36, 125.81, 125.58, 124.67, 43.50, 
41.34, 36.37, 34.79, 32.04, 30.26, 25.95, 24.45, 22.86, 14.64, 14.27. IR (neat) νmax 3086 
(w), 3063 (w), 3025 (m), 3009 (m), 2956 (s), 2927 (s), 2855 (s), 1585 (w), 1496 (m), 1454 
(s), 1375 (m), 1077 (w), 1030 (w), 974 (s), 904 (w), 744 (s), 697 (s) cm-1. HRMS DART+ 
calc. for C21H33 [M+H]+  285.2582, found 285.2595. The optical rotation was too low to be 
accurately measured. 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 2.5 mL/min, 1% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
Racemic     Reaction Product 
 
 
 (R,E)-(5-Methyl-5-(prop-1-en-2-yl)undec-3-en-1-yl)benzene  
(4.97). The reaction was performed according to the Representative 
Procedure (Method A) with 2-chloroprop-1-ene. The crude mixture was purified by silica 
gel chromatography (pentane, stain in CAM) to afford the title compound as clear, colorless 
oil (25.0 mg, 88% yield). Rf = 0.4 in pentane on TLC. 1H NMR (600 MHz, CDCl3) δ 7.29-
7.25 (m, 2H), 7.207.16 (m, 3H), 5.40-5.36 (m, 2H), 4.76 (t, J = 1.8 Hz, 1H), 4.70 (d, J = 
1.2 Hz, 1H), 2.69 (t, J = 7.2 Hz, 2H), 2.37-2.32 (m, 2H), 1.63 (d, J = 1.2 Hz, 3H), 1.48 
(ddd, J = 17.4, 12.6, 5.4 Hz, 1H), 1.361.22 (m, 7H), 1.17-1.06 (m, 5H), 0.89 (t, J = 7.2 Hz, 
3H). 13C NMR (150 MHz, CDCl3) δ 151.32, 142.25, 139.25, 128.66, 128.35, 126.40, 
700 
125.82, 110.24, 44.61, 38.77, 36.39, 34.81, 32.03, 30.30, 24.40, 23.68, 22.88, 19.92, 14.26. 
IR (neat) νmax 3086 (w), 3063 (w), 3027 (w), 2956 (s), 2928 (s), 2856 (s), 1635 (m), 1496 
(m), 1453 (s), 1373 (m), 1077 (w), 1030 (w), 974 (s), 890 (s), 745 (s), 697 (s) cm-1. HRMS 
DART+ calc. for C21H33 [M+H]+  285.2582, found 285.2580. The optical rotation was too 
low to be accurately measured. The enantiomers were not able to be separated with chiral 
chromatography techniques. 
 
(R,E)-(5-Methyl-5-(2-methylprop-1-en-1-yl)undec-3-en-1yl)benze- 
ne (4.98). The reaction was performed according to the Representative 
Procedure (Method A) with 1-bromo-2-methylprop-1ene. The crude mixture was purified 
by silica gel chromatography (pentane, stain in CAM) to afford the title compound as clear, 
colorless oil (27.4 mg, 92% yield). Rf = 0.4 in pentane on TLC. 1H NMR (600 MHz, 
CDCl3) δ 7.29-7.25 (m, 2H), 7.21-7.16 (m, 3H), 5.47 (d, J = 16.2 Hz, 1H), 5.36 (dt, J = 
15.6, 6.6 Hz, 1H), 5.11 (s, 1H), 2.69 (t, J = 7.2 Hz, 2H), 2.36 (q, J = 6.6 Hz, 2H), 1.69 (s, 
3H), 1.58 (s, 3H), 1.41-1.16 (m, 10H), 1.09 (s, 3H), 0.90 (t, J = 7.2 Hz, 3H). 13C NMR 
(150 MHz, CDCl3) δ 142.40, 139.73, 132.51, 132.47, 128.63, 128.35, 125.79, 125.40, 
43.96, 40.56, 36.44, 34.78, 32.06, 30.31, 27.68, 26.06, 24.43, 22.88, 19.20, 14.28. IR (neat) 
νmax 3084 (w), 3062 (w), 3026 (w), 2957 (s), 2926 (s), 2855 (s), 1604 (w), 1496 (m), 1453 
(s), 1373 (m), 1117 (w), 1030 (w), 975 (s), 823 (w), 744 (s), 697 (s) cm-1. HRMS DART+ 
calc. for C22H34 [M+H]+  298.2661, found 298.2656. The optical rotation was too low to be 
accurately measured. 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 1% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
Racemic     Reaction Product 
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 4.7.2.6. Structure Proof for Stereospecific Cross-Coupling. 
 
 
  
(R,E)-(5-Methylhept-3-ene-1,5-diyl)dibenzene ((R)-4.106). The reaction 
was performed according to the Representative Procedure (Method A) 
with (S,E)-4,4,5,5-tetramethyl-2-(5-methyl-1-phenylhept-4-en-3-yl)-1,3,2-dioxaborolane 
(E-4.105)2 and chlorobenzene. The crude mixture was purified by silica gel 
chromatography (pentane, stain in CAM) to afford the title compound as clear, colorless 
oil (23.5 mg, 89% yield). Rf = 0.3 in pentane on TLC. 1H NMR (500 MHz, CDCl3) δ 7.33-
7.14 (m, 10H), 5.62 (d, J = 15.5 Hz, 1H), 5.47 (dt, J = 16.0, 6.5 Hz, 1H), 2.75 (t, J = 7.5 
Hz, 2H), 2.42 (q, J = 7.5 Hz, 2H), 1.83-1.68 (m, 2H), 1.32 (s, 3H), 0.74 (t, J = 7.5 Hz, 3H). 
13C NMR (125 MHz, CDCl3) δ 148.36, 142.15, 139.66, 128.73, 128.39, 128.05, 126.87, 
126.78, 125.84, 125.63, 43.84, 36.30, 34.82, 34.05, 25.30, 9.12. IR (neat) νmax 3085 (w), 
3059 (w), 3025 (w), 2965 (m), 2924 (m), 2877 (w), 1494 (m), 1453 (m), 974 (m), 788 (m), 
760 (m), 696 (s) cm-1. HRMS DART+ calc. for C20H28N [M+NH4]+ 282.2222, found 
282.2213. The optical rotation was too low to be accurately measured. 
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
Racemic     Reaction Product  
 
 
 (S)-2-Methyl-2-phenylbutanoic acid ((S)-4.130). A 4-dram vial was charged 
with (R)-4.106 (23.5 mg, 0.089 mmol), CH2Cl2 (2 mL), and MeOH (2 mL). 
The reaction was left to stir and allowed to cool to -78 °C. A stream of O3 was bubbled into 
the reaction for approximately 3 minutes as the color changed from bright yellow to 
red/brown. NaBH4 (76 mg, 2.0 mmol) was added as a solid. The reaction was left to stir at 
-78 °C for 5 minutes before warming to room temperature and further stirring for 12 hours. 
H2O (2 mL) was added and the reaction was poured into a separatory funnel with ethyl 
acetate (10 mL). The layers were separated and the aqueous layer was extracted with ethyl 
acetate (3 x 10 mL). The organic layers were combined, dried over Na2SO4(s), filtered and 
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concentrated in vacuo. The crude material was purified by silica gel chromatography (10% 
ethyl acetate/hexanes) to afford the corresponding primary alcohol as clear, colorless oil 
(10.5 mg, 72% yield). Rf = 0.2 in 10% ethyl acetate/hexanes on TLC. A scintillation vial 
was charged with the primary alcohol (10.5 mg, 0.07 mmol), diluted with acetone (4 mL), 
and allowed to cool to 0 °C. Jones reagent (70 µL, 0.14 mmol, 2M in H2SO4(aq)) was added 
via syringe. The reaction was left to stir at 0 °C under air for 15 minutes. H2O (2 mL) was 
added and the reaction was poured into a separatory funnel with ethyl acetate (10 mL). The 
layers were separated and the aqueous layer was extracted with ethyl acetate (3 x 10 mL). 
The organic layers were combined, dried over Na2SO4(s), filtered and concentrated in 
vacuo. The crude material was purified by silica gel chromatography (20% ethyl 
acetate/pentane) to afford to afford the title compound as white solid (5.8 mg, 46% yield). 
Rf = 0.5 in 20% ethyl acetate/pentane on TLC. The spectral data matched those reported in 
the literature.44 1H NMR (600 MHz, CDCl3) δ 7.40-7.32 (m, 4H), 7.28-7.24 (m, 1H), 2.14-
1.96 (m, 2H), 1.57 (s, 3H), 0.86 (t, J = 6.5 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 182.66, 
143.00, 128.53, 127.01, 126.41, 50.52, 31.77, 21.87, 9.19. HRMS DART+ calc. for 
C20H28N [M+H]+  179.1072, found 179.1071. m.p. 81-82 °C. [α]20D +29.9 (c = 0.220, C6H6, 
l = 50 mm). The absolute stereochemistry was assigned by comparing the optical rotation 
with a reported value in the literature for (R)-4.130 [α]20D -32.6 (c = 0.3, C6H6).45  
 
 
                                                 
44 Zhu, Q.; Lu, Y. Chem. Commun. 2010, 46, 2235.  
45 Ruano, J. L. G.; Martin-Castro, A. M.; Tato, F.; Torrente, E.; Poveda, A. M. Chem. Eur. J. 2010, 16, 
6317.  
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Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 1% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic      Reaction Product  
 
 
 
 
 (S,E)-(5-Methylhept-3-ene-1,5-diyl)dibenzene  ((S)-4.106).  The 
reaction was performed according to the Representative Procedure 
(Method A) with (S,Z)-4,4,5,5-tetramethyl-2-(5-methyl-1-phenylhept-4-en-3-yl)-1,3,2-
dioxaborolane (Z-4.105) and chlorobenzene. The crude mixture was purified by silica gel 
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chromatography (pentane, stain in CAM) to afford the title compound as clear, colorless 
oil (20.4 mg, 77% yield). Rf = 0.3 in pentane on TLC. The spectral data matched (R)-4.106. 
The optical rotation was too low to be accurately measured.  
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 3% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product. 
 
Racemic     Reaction Product  
  
 
 
 
 
 
 
 
(R)-2-Methyl-2-phenylbutanoic acid ((R)-4.130). The reaction was 
performed analogously to (S)-4.130 with comparable yields. The spectral data 
matched (S)-4.130. (R)-4.130 [α]20D -30.0 (c = 0.100, C6H6, l = 50 mm). The absolute 
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stereochemistry was assigned by comparing the optical rotation with a reported value in 
the literature for (R)-4.130 [α]20D -32.6 (c = 0.3, C6H6).45 
 
Analysis of Stereochemistry. The enantiomeric ratio was determined by chiral SFC 
analysis. 
 
Chiral SFC (OJ-H, Chiraldex, 3 mL/min, 1% iPrOH, 100 bar, 35 °C)-analysis of the 
reaction product.  
Racemic      Reaction Product  
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 4.7.2.7. Synthesis and Characterization of (R)-4-Ethyl-4-methyloctane (4.103)  
  
 (R)-4-Ethyl-4-methyloctane (4.103). A 2-dram vial with magnetic stir bar was 
charged with (S,E)-4,4,5,5-tetramethyl-2-(5-methyloct-4-en-3-yl)-1,3,2-
dioxaborolane (4.101) (50.4 mg, 0.20 mmol). The vial was sealed with rubber septum, and 
purged with N2 for 10 minutes. Dioxane (1 mL) was added and the reaction was left to stir. 
Then a solution of Pd(OAc)2 in dioxane (200 μL, 0.0040 mmol, 0.02M) and 4.73 in dioxane 
(200 μL, 0.0080 mmol, 0.04M) were added sequentially via syringe. Then vinyl bromide 
(600 μL, 0.60 mmol, 1.0M) and 8M KOH(aq)41 (113 μL, 0.90 mmol) were added 
sequentially via syringe. The reaction was heated to 50 °C under an atmosphere of N2 for 
14 hours. The reaction was allowed to cool to room temperature, 10% wt. Pd/C (20 mg, 
0.02 mmol), and EtOH (2 mL) were added. The reaction was equipped with a balloon of 
H2 and purged. The reaction was left to stir at room temperature for 12 hours. The reaction 
was filtered through Celite with pentane (10 mL) into a separatory funnel containing H2O 
(10 mL). The layers were separated and the organic washed with H2O (2 x 5 mL). The 
organic layer was dried over Na2SO4(s), filtered, and carefully concentrated on the rotovap 
to afford colorless liquid. The crude 1H-NMR indicated incomplete hydrogenation. The 
crude material was dissolved in EtOH (2 mL) and 10%wt. Pd/C (20 mg, 0.02 mmol) was 
added. The reaction was equipped with a balloon of H2 and purged. The reaction was left 
to stir at room temperature for 12 hours. The reaction was filtered through Celite with 
pentane (10 mL) into a separatory funnel containing H2O (10 mL). The layers were 
separated and the organic washed with H2O (2 x 5 mL). The organic layer was dried over 
Na2SO4(s), filtered, and carefully concentrated on the rotovap.  Cyclohexane (6.1 mg) was 
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added as a 13C-NMR internal standard which indicated a 72% yield. Filtration through a 
short plug of silica gave characterizable material that contained 1 equivalent of pentane. 
Attempts to further remove pentane resulted in loss of the title compound. 1H NMR (500 
MHz, CDCl3) δ 1.30-1.10 (m, 12H), 0.92-0.84 (m, 12H), 0.77 (s, 3H), 0.76 (t, J = 8.0 Hz, 
3H). 13C NMR46 (125 MHz, CDCl3) δ 41.74, 38.84, 35.04, 31.73, 25.93, 24.72, 23.88, 
16.86, 15.27, 14.36, 8.12. GCMS TR 7.42; MS 156, 127, 113, 99, 85, 71, 57 (base peak). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
46 Fujita, T.; Obata, K.; Kuwahara, S.; Miura, N.; Nakahashi, A.; Monde, K.; Decatur, J.; Harada, N. 
Tetrahedron Lett. 2007, 48, 4219. 
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 4.7.2.8. Characterization of Compounds in Mechanistic Studies. 
 
 (E)-(2-Methyldec-3-en-2-yl)benzene (4.108). The reaction was 
performed according to the Representative Procedure (Method A) with 
4,4,5,5-tetramethyl-2-(2-methyldec-2-en-4-yl)-1,3,2-dioxaborolane (4.107) and 
chlorobenzene. The crude mixture was purified by silica gel chromatography (pentane, 
stain in CAM) to afford the title compound as clear, colorless oil (18.0 mg, 78% yield). Rf 
= 0.7 in hexanes on TLC. 1H NMR (500 MHz, CDCl3) δ 7.38-7.34 (m, 2H), 7.32-7.28 (m, 
2H), 7.20-7.16 (m, 1H), 5.63 (d, J = 16.0 Hz, 1H), 5.44 (dt, J = 15.5, 6.5 Hz, 1H), 2.05 (q, 
J = 6.5 Hz, 2H), 1.42-1.36 (m, 8H), 1.35-1.24 (m, 8H), 0.90 (t, J = 6.0 Hz, 3H). 13C NMR 
(125 MHz, CDCl3) δ 149.71, 140.05, 128.13, 126.80, 126.31, 125.71, 40.42, 32.80, 31.88, 
29.77, 29.13, 29.00, 22.81, 14.24. IR (neat) νmax 3021 (w), 2961 (m), 2924 (s), 2854 (m), 
1493 (w), 1465 (w), 1445 (w), 974 (m), 762 (s), 698 (s) cm-1. HRMS DART+ calc. for 
C17H26 [M]+  230.2035, found 230.2042. 
 
 (2)-Methyldec-2-en-4-yl)benzene (4.110). The reaction was performed 
according to the Representative Procedure (Method A) with (E)-
4,4,5,5tetramethyl-2-(2-methyldec-3-en-2-yl)-1,3,2-dioxaborolane (4.109) and 
chlorobenzene. The crude mixture was purified by silica gel chromatography (pentane, 
stain in CAM) to afford the title compound as clear, colorless oil (17.9 mg, 78% yield). Rf 
= 0.7 in pentane on TLC. 1H NMR (500 MHz, CDCl3) δ 7.30-7.26 (m, 2H), 7.21-7.14 (m, 
3H), 5.27 (d, J = 9.0 Hz, 1H), 3.44 (q, J = 8.5 Hz, 1H), 1.71 (s, 3H), 1.66 (s, 3H), 1.65-
1.54 (m, 2H), 1.32-1.15 (m, 8H), 0.88 (t, J = 6.5 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 
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146.67, 131.23, 129.35, 128.47, 127.45, 125.79, 44.51, 37.49, 31.99, 29.49, 27.71, 26.05, 
22.81, 18.27, 14.23. IR (neat) νmax 3026 (w), 2957 (m), 2924 (s), 2854 (m), 1493 (w), 1451 
(w), 1376 (w), 755 (m), 697 (s) cm-1. HRMS DART+ calc. for C22H34 [M+NH4]+  
248.2378, found 248.2387.  
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Chapter 5 
A Simple Protocol for Direct Stereospecific Amination of 
Primary, Secondary, and Tertiary Alkylboronic Esters 
 
5.1 Introduction 
 Stereodefined C-N bonds are abundant in natural products. One method to access 
these nitrogen-containing steregenic centers is through the stereospecific amination of 
enantioenriched organoboron compounds. Of note, this method has not been applied to the 
synthesis of α-tertiary amines which are commonly found in natural product targets.1 As 
discussed throughout previous chapters, the ability of boron to participate in stereospecific 
1,2-rearrangements has led to the development of a wide variety of organoboron 
functionalizations. One of these functionalizations is a C-B to C-N transformation which 
can be done both in metal-free and transition metal mediated processes.2 For the metal-free 
conditions, typically the mechanism is analogous to that of oxidation and homologation 
reactions, with the migrating terminus of the 1,2-rearrangement being a nitrogen atom 
appended with a leaving group (Scheme 5.1). 
 
 
 
                                                 
1 (a) Hager, A.; Vrielinik, N.; Hager, D.; Lefranc, J.; Trauner, D. Nat. Prod. Rep. 2016, 33, 491. (b) 
Clayden, J.; Donnard, M.; Lefranc, J.; Tetlow, D. J. Chem. Commun. 2011, 47, 4624. (c) Kang, S. H.; 
Kang, S. Y.; Lee, H.-S.; Buglass, A. J. Chem. Rev. 2005, 105, 4537. 
2 For nitration and nitrosation see: (a) Surya Prakash, G. K.; Panja, C.; Mathew, T.; Surampudi, V.; Petasis, 
N. A.; Olah, G. A. Org. Lett. 2004, 6, 2205. (b) Wu, X.-F.; Schranck, J.; Neumann, H.; Beller, M. Chem. 
Commun. 2011, 47, 12462. (c) Manna, S.; Maity, S.; Rana, S.; Agasti, S.; Maiti, D. Org. Lett. 2012, 14, 
1736. (d) Molander, G. A.; Cavalcanti, L. N. J. Org. Chem. 2012, 77, 4402. 
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Scheme 5.1. 1,2-Boronate rearrangement to furnish C-B to C-N conversion 
 
 
 Throughout the years, a variety of organoboron compounds and amination reagents 
have been used to accomplish this metal-free transformation. One of the significant 
challenges associated with metal-free aminations is that the amination reagent must be 
electronically balanced with the boron substrate. The leaving group appended to nitrogen 
must be electron withdrawing enough to be expelled by the migrating carbon once an ate 
complex is formed; however, the leaving group must not be so electron withdrawing that 
it reduces the nucleophilicity of nitrogen to the point that it is unable to add to boron to 
form an ate complex.  
 There have been three main classes of amination reagents that have been used to 
deliver amines from organoboron species. These are chloramines, azides, and 
hydroxylamines. C-B to C-N conversions were first developed with trialkylboranes and 
dichloroboranes, and later with less Lewis acidic boronic acids and esters. 
 
5.2 Background 
 5.2.2. Amination of Trialkylboranes. In the early 1960’s, the first metal-free 
aminations of organoborons were reported with highly Lewis acidic organoborane 
derivatives. The first example of an amination of an organoborane was performed with 
both chloramine and hydroxylamine-O-sulfonic acid (HSA) by Brown to afford primary 
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amines (Scheme 5.2a).3 Both reagents were efficient in affording primary amines from a 
variety of trialkylborane substrates. Chloramine (5.5, X = Cl) is a toxic gas that is readily 
prepared from the mixing of ammonia and bleach. It must be synthesized and titrated 
immediately before its use in the reaction. Alternatively, hydroxylamine-O-sulfonic acid 
(5.5, X = OSO3H) (HSA) is a commercially available salt which makes it easier to handle 
and use in the reaction. Whereas the chloramine reactions typically proceed at room 
temperature, the more stable hydroxylamine-O-sulfonic acid reagent typically requires 
heated conditions. The reactions were performed in a one-pot manner after hydroboration 
of an alkene with BH3.  
 
Scheme 5.2. Brown’s amination of trialkylboranes with chloramine and HSA. 
 
 The mechanism of this transformation is analogous to that of the oxidation of 
trialkylboranes (Scheme 5.2b). The amination reagent (5.5) adds to boron to make an ate 
complex (5.6) which upon 1,2-migration with release of the leaving group forms the boron-
                                                 
3 Brown, H. C.; Heydkamp, W. R.; Breuer, E.; Murphy, W. S. J. Am. Chem. Soc. 1964, 86, 3565. 
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bound amine 5.7. Hydrolysis with HCl releases the primary amine product. Each 
trialkylborane molecule can theoretically undergo amination three times to give 5.10. The 
N-B bound intermediate 5.7 can be activated by another equivalent of amination reagent 
(5.5) to form an ate complex (5.8) to give 5.9. Intermediate 5.9 could subsequently undergo 
amination with another equivalent of amine. However, the authors typically see yields 
around 60% indicating that the amination only happens twice per substrate. When the 
diaminoborane (5.9) that is obtained after two rounds of amination is isolated, and then re-
subjected to the reaction conditions, no amination is observed due to the fact that this boron 
intermediate is not Lewis acidic enough to form an ate complex with chloramine or HSA. 
More hindered secondary trialkylboranes will only undergo mono amination, leaving the 
two carbon ligands attached to boron unreacted. In a later study, Brown and co-workers 
report that these more hindered substrates undergo amination more readily when 
hydroxylamine-O-sulfonic acid is in diglyme solvent.4 Davies and co-workers later 
reported that dimethylchloramine could be used to furnish tertiary alkyl amines from 
trialkylboranes but proposed this proceeded through a radical process as alkyl chlorides 
were also isolated from the reaction.5 
 In 1971, Brown and co-workers disclosed that organic azides can be used as 
aminating reagents to furnish secondary amines from trialkylboranes (Scheme 5.3).6 
Trialkyl boranes (n-butyl, sec-butyl, isobutyl, cyclopentyl, cyclohexyl, and phenyl) were 
shown to undergo amination with ethyl azide to afford secondary amines. The azide (5.9) 
coordinates to the borane (5.4) to form an ate complex (5.10). N2 acts as a leaving group 
                                                 
4 Rathke, M. W.; Inoue, N.; Varma, K. R.; Brown, H. C. J. Am. Chem. Soc. 1966, 88, 2870. 
5 Davies, A. G.; Hook, S. C. W.; Roberts, B. P. J. Organomet. Chem. 1970, 23, C11. 
6 Suzuki, A.; Sono, S.; Itoh, M.; Brown, H. C.; Midland, M. J. Am. Chem. Soc. 1971, 93, 4329. 
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and can be displaced by the migrating R group to furnish N-B bound compound (5.11) 
which upon solvolysis affords the amine product (5.12).The authors also show other alkyl 
azides, including butyl azide, can also be used in the reaction. However, when even larger 
alkyl groups are used, the reaction becomes sluggish and the yield is diminished. Unlike 
with previous examples that used chloramine and HSA, only one amination per borane is 
observed even with an excess of azide. The amino-substituted dialkyl borane (5.10) 
resulting from the first amination likely isn’t electrophilic enough to undergo amination 
with another equivalent of azide. The benefit of using organic azides as an aminating 
reagent is that secondary amines can be accessed directly. 
 
Scheme 5.3. Brown’s amination of trialkylboranes with organic azides 
 
 
 Because of the challenges associated with boron ate formation with less Lewis 
acidic boron species such as boronic esters and acids, overall boronic ester to amine 
transformations have been developed that involve the in situ generation of more 
electrophilic organoborane intermediates. This strategy was used by John Brown and co-
workers who showed that catechol boronic esters could be transformed into dimethyl 
boranes with the addition of methylmagnesium chloride. These more reactive 
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intermediates could then undergo amination with HSA (Scheme 5.4).7 This entire sequence 
could be performed in one-pot from acyclic terminal and cyclic alkenes using 
enantioselective rhodium complex catalyzed hydroboration to afford the boronic ester 
(5.14). This is then converted into the borane (5.15) after addition of two equivalents of 
MeMgCl. This trialkylborane intermediate undergoes stereospecific amination with HSA 
to afford enantioenriched alkyl amine (5.16). The same researchers later reported that 
substituted chloroamines could be used as well to effect aminations of these borane 
intermediates in a one-pot method.8 Whereas chloramine and mono-alkyl substituted 
chloramine underwent a stereoretentive amination to afford enantioenriched products, in 
accord with what Davies had shown, when dialkyl substituted chloramines were used, 
radical pathways predominated and racemic alkyl amines were formed.  
 
Scheme 5.4. In-situ generation of boranes from boronic esters followed by amination  
 
 
                                                 
7 Fernandez, E.; Hooper, M. W.; Knight, F. I.; Brown, J. M. Chem. Commun. 1997, 173. 
8 Fernandez, E.; Maeda, K.; Hooper, M. W.; Brown, J. M. Chem. Eur. J. 2006, 6, 1840. 
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 5.2.3. Amination of Chloroboranes. Similar to trialkylboranes, chloro- and 
dichloroboranes are highly electrophilic and reactive organoboron species and can be 
readily accessed from boronic esters with boron trichloride. Their high Lewis acidity 
allows them to readily form ate complexes, however, due to their instability, they are 
typically not isolable. Because of this, dichloroboranes are usually generated in situ from 
more stable organoboron species and then used in amination reactions. The benefit of using 
these substrates as compared to trialkylboranes, however, is that there is only one alkyl 
group that can participate in the migration. This means that potentially precious migrating 
groups do not need to be used in excess.  
 In 1972, shortly after their initial organoborane amination report, H. C. Brown and 
co-workers reported that alkyl and aryl dialkylchloroboranes could undergo amination with 
organic azides to yield secondary amines. 9 These substrates underwent the reaction 
markedly faster than trialkylboranes. Stereodefined dichloroboranes could also be used in 
the reaction (Scheme 5.5).10 When trans-2-methylcyclopentyldichloroborane 5.18 was 
used in the reaction, the trans-product 5.20 was isolated, suggesting a stereospecific 
process. Vaultier and co-workers later showed that a wide variety of functionalized organic 
azides could be used under these conditions to furnish secondary amines.11 
 
 
 
 
                                                 
9 Brown, H. C.; Midland, M. M. J. Am. Chem. Soc. 1972, 94, 2114. 
10 Brown, H. C.; Midland, M. M.; Levy, A. B. J. Am. Chem. Soc. 1973, 95, 2394. 
11 (a) Carboni, B.; Vaultier, M.; Carrié, R. Tetrahedron, 1987, 43, 1799. (b) Carboni, B.; Vaultier, M.; 
Carrié, R. Tetrahedron Lett, 1988, 29, 1279. 
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Scheme 5.5. Amination of dichloroboranes with organic azides 
 
 
 Because dichloroboranes can be readily prepared from boronic esters by treating 
with boron trichloride, overall boronic ester to amine transformations have been achieved 
through in situ generation and subsequent amination of the more reactive dichloroborane 
species similar to the strategies used above through organoborane intermediates. Vaultier 
and co-workers have shown this method starting from both boronic esters and 
diisopropylaminoboronates.12 Knochel and co-workers showed that an enantioenriched 
dichloroborane 5.22 can be synthesized from the corresponding boronic ester 5.21 and used 
in situ in an amination reaction with benzyl azide to afford amine 5.23 with retention of 
stereochemistry (Scheme 5.6a).13 A similar route was also shown by Morken and co-
workers who performed a one-pot asymmetric hydrogenation of styrenyl boronic ester 5.24 
to give enantioenriched benzylic boronic ester 5.25 which upon conversion to the 
dichloroborane 5.26 could undergo amination with benzyl azide to afford an 
enantioenriched amine product 5.27 (Scheme 5.6b).14 Although technically the amination 
of potassium trifluoroborate salts goes through the intermediacy of a dichloroborane 
species, the aminations of these substrates are discussed separately below.  
                                                 
12 (a) Jego, J. M.; Carboni, B.; Vaultier, M.; Carrié, R. J. Chem. Soc. Chem. Commun. 1989, 142. (b) 
Chavant, P. Y.; Lhermitte, Vaultier, M. Synlett, 1993, 519. 
13 Hupe, E.; Marek, I.; Knochel, P. Org. Lett. 2002, 4, 2861. 
14 Moran, W. J.; Morken, J. P. Org. Lett. 2006, 8, 2413. 
822 
Scheme 5.6. Knochel’s and Morken’s examples of aminations through dichloroborane 
intermediates 
 
 
5.2.4. Amination of Potassium Trifluoroborate Salts. In recent years, potassium 
trifluoroborate salts have become popular organoboron substrates in organic chemistry due 
to the fact that they are readily accessible, highly air and moisture stable, and can be used 
in a variety of reactions including transition metal complex catalyzed cross-coupling.15 In 
the early 2000’s, Matteson and co-workers developed conditions for the amination of these 
substrates using tetrachlorosilane and organic azides. In their first report on these amination 
conditions, they propose the intermediacy of difluoroborane 5.30 which forms after silicon 
abstraction of fluoride.16 This is the species they propose undergoes amination (Scheme 
5.7). In a subsequent report, however, NMR studies led Matteson and co-workers to 
                                                 
15 Darses, S.; Genet, J.-P. Chem. Rev. 2008, 108, 288. 
16 Matteson, D. S.; Kim, G. Y. Org. Lett. 2002, 4, 2153. 
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conclude that addition of tetrachlorosilane to a potassium trifluoroborate salt results in the 
facile formation of a dichloroborane intermediate and release gaseous tetrafluorosilane. 
The dichloroborane is thus the species that undergoes amination.17 The reaction is carried 
out in acetonitrile solvent, and the authors also find that when comparing difluoroborane 
and dichloroborane acetonitrile adducts, the dichloroborane adduct dissociates more 
readily to allow for the binding of the azide aminating reagent. Pietruska and co-workers 
later used this method for the amination of stereodefined cyclopropyl potassium 
trifluoroborate salts.18  
 
Scheme 5.7. Matteson’s amination of potassium trifluoroborate salts 
 
 
Aggarwal and co-workers later reported that similar conditions could be used for 
the conversion of enantioenriched tertiary potassium trifluoroborate salts into the 
corresponding enantioenriched α-tertiary amines (Scheme 5.8).19 This is currently the only 
known method to accomplish an amination of tertiary boron substrates, and only 
aminations of benzylic boron salts were reported. 
 
                                                 
17 Kim, B. J.; Matteson, D. S. Angew. Chem. Int. Ed. 2004, 43, 3056. 
18 (a) Pietruska, J.; Solduga, G. Eur. J. Org. Chem. 2009, 5998. (b) Pietruska, J.; Solduga, G. Synlett, 2008, 
1349. 
19 Bagutski, V.; Elford, T. G.; Aggarwal, V. K. Angew. Chem. Int. Ed. 2011, 50, 1080. 
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Scheme 5.8. Aggarwal’s amination of tertiary trifluoroborate salts 
 
 
 5.2.5. Amination of Borinic Esters. Borinic esters, with two alkyl ligands and one 
alkoxide ligand, fall between organoboranes and boronic esters in terms of Lewis acidity. 
Similar to the amination methods that convert boronic esters into more reactive boron 
intermediates (BR3, BRCl2), H. C. Brown showed boronic esters can be converted into the 
more electrophilic borinic esters, which are able to undergo amination with organic azides 
(Scheme 5.9a).20 The borinic ester 5.36 was obtained from the addition of one equivalent 
of methyllithium and an acid chloride to boronic ester 5.35. Methyllithium adds to boron 
to make an ate complex and in turn the electrophilic acyl halide acylates one of the oxygen 
ligands. This resulting borinic ester intermediate is now electrophilic enough to undergo 
amination by HSA with retention of stereochemistry, to afford 5.37. In this case, the methyl 
group acts as a non-migrating blocking group and only the desired R group is aminated 
under these conditions. Hoffmann and co-workers later used Brown’s method to furnish 
enantioenriched amine 5.40 from boronic ester 5.38 (Scheme 5.11b).21  
 
 
 
 
                                                 
20 (a) Brown, H. C.; Kim, K.- W.; Cole, T. E.; Singaram, B. J. Am. Chem. Soc. 1986, 108, 6761. (b) 
Rangaishenvi, M. V.; Singaram, B.; Brown, H. C. J. Org. Chem. 1991, 56, 3286. 
21 Hoffmann, R. W.; Hӧlzer, B.; Knopff, O. Org. Lett. 2001, 3, 1945. 
825 
Scheme 5.9. Amination through borinic esters 
 
 
5.2.5. Amination of Boronic Acids and Boroxines. Because they are much less 
Lewis acidic than boranes, it is more difficult to form an ate complex with boronic acids 
and esters. Due to this, the previously described amination conditions using organic azides, 
and chloramine are inefficient in the aminations of these substrates. Use of forcing 
conditions (>140 °C), however, affords aryl amines from the corresponding aryl boronic 
acids with organic azides.22 To accomplish these more challenging aminations at milder 
conditions, the investigation into alternative aminating reagents was requisite.   
 Wang and co-workers showed that benzoyl hydroxylamine derivatives were able 
to effect amination of aryl boroxines (Scheme 5.10a).23 Because the amination reagent in 
this case contains a tertiary nitrogen, it cannot act as a nucleophile and add to boron to form 
an ate complex. An alternative mechanism is proposed where the carbonyl oxygen from 
the benzoyl group adds to boron to make an ate complex, and through a six-membered 
                                                 
22 Ou, L.; Zhang, G.; Yu, Y. Tetrahedron Lett. 2011, 52, 1430. 
23 Xiao, Q.; Tian, L.; Tan, R.; Xia, Y.; Qui, D.; Zhang, Y.; Wang, J. Org. Lett. 2012, 14, 4230. 
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transition state 5.44, migration from boron to nitrogen occurs to furnish the aryl amine 
(5.43) (Scheme 5.10b). Although this method is only effective with aryl boroxines and still 
requires high reaction temperature (130 °C), secondary and tertiary amines can be 
synthesized highlighting the fact that other hydroxylamine derivatives may be effective in 
more challenging amination reactions of less Lewis acidic organoboron substrates. 
 
Scheme 5.10. Wang’s amination of aryl boroxines 
 
 
 In 2012, Kürti and co-workers reported the amination of aryl boronic acids using 
the hydroxylamine derivative 5.47 (Scheme 5.11a).24 The hydroxylamine derivative 5.47 
was the only amination reagent able to provide the desired product with HSA being 
ineffective in the transformation. The authors also show one example each where an aryl 
potassium trifluoroborate salt and aryl propanediol boronic ester are able to undergo 
amination under these conditions. Cs2CO3 and water are both added in these examples 
which may mean that the boronic acid is involved. This method was only applied to aryl 
substrates. Since Kürti’s report, there have been several other disclosures on the amination 
                                                 
24 Zhu, C.; Li, G.; Ess, D. H.; Falck, J. R.; Kürti, L. J. Am. Chem. Soc. 2012, 134, 18253. 
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of aryl boronic acids. McCubbin and co-workers showed that if sodium hydroxide is used 
in conjunction with HSA, aminations of aryl boronic acids (and in a few cases, aryl boronic 
esters) could be accomplished (Scheme 5.11b).25 Goswami and co-workers used 
methoxyamine and later cyanamides in conjunction with 
bis(trifluoroacetoxy)]iodobenzene (PIFA) and NBS to accomplish amination of aryl 
boronic acids (and in a few cases, alkyl boronic acids) (Scheme 5.11c).26 In Goswami’s 
examples, a radical process is involved to accomplish the B-N coordination required for 
the 1,2-migration.  
 
Scheme 5.11. Metal-free aminations of boronic acids 
 
 
 
                                                 
25 Voth, S.; Hollett, J. W.; McCubbin, J. A. J. Org. Chem. 2015, 80, 2545. 
26 (a) Chatterjee, N.; Goswami, A. Org. Biomol. Chem., 2015, 13, 7940. (b) Chatterjee, N.; Arfeen, M.; 
Bharatam, P. V.; Goswami, A. J. Org. Chem. 2016, 81, 5120. 
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 5.2.6. Amination of Boronic Esters. In 2012, the Morken group reported the first 
direct amination of aryl and alkyl boronic esters (Scheme 5.12).27 In order to achieve the 
direct amination of these far less Lewis acidic boron species, a much more nucleophilic 
aminating reagent was requisite. Lithiated methoxyamine (5.51), generated from the 
deprotonation of readily available O-methyl hydroxylamine (methoxyamine, 5.50) was 
found to be effective for this purpose. With this much more nucleophilic reagent, 
aminations of both aryl, and primary and secondary alkyl pinacol boronic esters were 
possible. In cases where enantioenriched secondary boronic esters are used, this method 
proceeds with retention of stereochemistry and complete chirality transfer is observed. The 
lithiated methoxyamine is first prepared in situ from the addition of nbutyllithium to 
methoxyamine at low temperatures to which the boronic ester is then added to form an ate 
complex. This ate complex does not undergo rearrangement until it is heated to 60 °C. 
Although this is an efficient method for the conversion of aryl and primary and secondary 
alkyl boronic esters to the corresponding amines, attempts to apply these conditions to 
tertiary boronic esters did not result in the formation of desired products. 
 
Scheme 5.12. Morken’s amination of boronic esters 
 
                                                 
27 Mlynarski, S. N.; Karns, A. S.; Morken, J. P. J. Am. Chem. Soc. 2012, 134, 16449. 
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 5.2.7. Chan-Evans-Lam Coupling. As an alternative to metal free aminations of 
organoborons, the Chan-Evans-Lam coupling is an oxidative copper-mediated reaction 
between organoboron nucleophiles and amines or alcohols.28 This copper mediated 
coupling was independently reported by Chan, Evans, and Lam and is typically used for N 
and O arylation of anilines and phenols (Scheme 5.13).29 Classically, boronic acids readily 
undergo this coupling and poor reactivity is observed when boronic esters are used. 
Although it should be noted that there are several recent examples of these couplings that 
take place with boronic esters.30 Recent mechanistic studies by the Watson group have 
helped to elucidate the mechanism of the transformation.31 Although the Chan-Evans-Lam 
coupling offers useful bond formations between boronic esters and amines, typically only 
aryl substrates are used. Even in select cases where alkyl organoboron species are used,32 
this type of coupling hasn’t been applied to the synthesis of enantioenriched products, and 
therefore will not be discussed further. 
 
 
                                                 
28 (a) Lam, P. Y. S. Chapter 7: Chan-Lam Coupling Reaction: Copper-promoted C-Element Bond 
Oxidative Coupling Reaction with Boronic Acids, in Synthetic Methods in Drug Discovery: Volume 1, 
2015, 1, pp. 242-273 DOI: 10.1039/9781782622086-00242. (b) Chan, D. M. T.; Lam, P. Y. S. in Boronic 
Acids, Ed. D. G. Hall (Wiley VCH, Weinheim, Germany, 2005, 205–240). (c) Ley, S. V.; Thomas, A. W. 
Angew. Chem. Int. Ed. 2003, 42, 5400. For a copper mediated electrochemical amination of aryl boronic 
acids see: Qi, H-L.; Chen, D.-S.; Ye, J.-S.; Huang, J.-M. J. Org. Chem. 2013, 78, 7482. 
29 (a) Chan, D. M. T.; Monaco, K. L.; Wang, R.-P.; Winters, M. P. Tetrahedron Lett, 1998, 39, 2933. (b) 
Evans, D. A.; Katz, J. L.; West, T. R. Tetrahedron Lett, 1998, 39, 2937. (c) Lam, P. Y. S.; Clark, C. G.; 
Saubern, S.; Adams, J.; Winters, M. P.; Chan, D. M. T.; Combs, A. Tetrahedron Lett, 1998, 39, 2941. 
30 Selected examples: (a) Vantourout, J. C.; Law, R. P.; Isidro-Llobet, A.; Atkinson, S. J.; Watson, A. J. B. 
J. Org. Chem. 2016, 81, 3942. (b) Tzschucke, C. C.; Murphy, J. M.; Hartwig, J. F. Org Lett. 2007, 9, 761. 
(c) Sueki, S.; Kuninobu, Y. Org. Lett. 2013, 15, 1544. (d) McGarry, K. A.; Deunas, A. A.; Clark, T. B. J. 
Org. Chem. 2015, 80, 7193. (e) Marcum, J. S.; McGarry, K. A.; Ferber, C. J.; Clark, T. B. J. Org. Chem. 
2016, 81, 7963.  
31 Vantourout, J. C.; Miras, H. N.; Isidro-Llobet, A.; Sproules, S.; Watson, A. J. B. J. Am. Chem. Soc. 2017, 
139, 4769. 
32 Larrosa, M.; Guerrero, C.; Rodríguez, R.; Cruces, J. Synlett, 2010, 14, 2101. 
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Scheme. 5.13. Chan-Evans-Lam Couplings 
 
 
 5.2.8. Proposed Direct Amination of Tertiary Boronic Esters. One of the classes 
of substrates that has notably been missing from the types of boron compounds that are 
able to undergo amination are tertiary boronic esters. The amination of these substrates, 
particularly those that are enantioenriched, would lead to the formation of highly valuable 
and synthetically challenging stereodefined α-tertiary amines. Whereas perhaps the lack of 
development of this chemistry was caused by limited access to enantioenriched tertiary 
boronic esters, with ready access to these substrates through chemistry developed in the 
Morken lab, we sought to develop conditions that would lead to the direct amination of 
these compounds to afford enantioenriched α-tertiary amines. 
 We first turned to the proposed mechanism of the amination reaction and 
considered why the conditions previously developed using nbutyllithium as a base were 
not suitable for the conversion of tertiary boronic esters (Scheme 5.14). In the mechanism, 
methoxyamine (5.50) is deprotonated by nbutyllithium to form lithiated amine 5.51. 
Addition of the organoboronic ester gives the ate complex 5.56 which, upon 1,2-
rearrangement, furnishes the amination product 5.57. We presumed the challenge 
associated with tertiary substrates had to do with the formation of the ate complex, as 
opposed to the migration step. This hypothesis is based on the fact that tertiary alkyl groups 
generally participate in 1,2-boronate rearrangement chemistry and they are known to 
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undergo a variety of reactions through this type of mechanism.33 Tertiary boronic esters 
are sterically encumbered, and more forcing conditions can be required to form an ate 
complex. Because the lithiated amine is not stable above cryogenic temperatures, it is 
important to keep the temperature low until the adduct with the boron reagent is formed. 
Once the ate complex is formed, heating is required to induce the migration. If the ate 
complex isn’t efficiently formed at cryogenic temperatures, upon heating, the lithiated 
amine decomposes, presumably through nitrene formation, and can no longer act as an 
aminating reagent. Therefore, to furnish an amination of tertiary boronic esters, an 
aminating reagent that is stable at the higher temperatures required for hindered ate 
formation is requisite. 
 
Scheme 5.14. Proposed mechanism of Morken’s amination with lithiated methoxymine 
 
 
  We questioned whether it would be possible to circumvent amine lithiation to 
access the boron ate intermediate (Scheme 5.15). If instead of lithiated amine, the neutral 
amine (5.50) would be able to coordinate to a boronic ester to form a transient zwitterionic 
ate complex 5.58. The N-B coordination would acidify the protons on nitrogen, perhaps 
allowing for a soft deprotonation. Thus, a weaker base (MOR) than would be expected 
based on pKa values, may be used to furnish the same ate complex 5.56. The benefit of 
                                                 
33 Scott, H. K.; Aggarwal, V. K. Chem Eur. J. 2011, 17, 13124. 
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this proposed pathway, is that the neutral methoxyamine is stable at the higher temperatures 
needed, and therefore may be able to coordinate to tertiary boronic esters and facilitate 
these more difficult aminations. With this goal in mind, we set out to determine if the 
proposed soft deprotonation would be plausible, investigating whether this type of 
procedure could be used to implement the amination of primary and secondary boronic 
esters which have already been showed to undergo the necessary 1,2-migration. 
 
Scheme 5.15. Proposed amination mechanisms 
 
 
5.3 Development of Amination34 
 5.3.1. Initial Results with Methoxyamine Salt. Although the methoxyamine that is 
used in the amination reaction with boronic esters is readily available as the HCl salt, free-
basing is required prior to using it in the n-BuLi reaction. The free-based amine is stable 
as a THF solution and can be stored for multiple months without decomposition, although 
we thought that emplying the HCl salt directly in the reaction would be more practical. 
Because there is already base in the reaction, an in situ free-base could afford 
                                                 
34 Edelstein, E. K.; Grote, A. C.; Palkowitz, M. D.; Morken, J. P. Synlett, 2018, Accepted. 
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methoxyamine which could act as the aminating reagent. Our initial investigations into the 
reaction were focused on the effect of different bases, solvents, and additives using 
methoxyamine HCl salt and octyl boronic acid pinacol ester as starting materials. Bases 
such as alkyllithiums, KOtBu, LiOMe, NaH, Cs2CO3, KOH, and others did not furnish any 
desired product. Attempts with all organic, all aqueous, and mixed solvent systems were 
also examined, as were various Lewis acids (in an attempt to increase the electrophilicity 
of the boron reagent). In reactions where aqueous conditions were not used, the salt was 
often insoluble and remained after the reaction, with no conversion of the boronic ester 
observed. With aqueous conditions, either no conversion of the boronic ester was observed, 
or decomposition occurred, presumably through protodeboration pathways. In no cases 
were appreciable yields of the amination product observed. It became apparent that using 
the methoxyamine salt directly in the reaction was not a viable solution, and so we returned 
to using the free-based variant. 
 
 5.3.2. Initial Results and Optimization. Using the free-based methoxyamine, we 
studied bases that had been investigated in the original amination publication (Table 5.1).35 
Interestingly, KOtBu was found to give a 16% yield under the original conditions (Table 
5.1 entry 2). Whereas the alkyllithium bases gave much higher yields and therefore were 
chosen for the development of the reaction, the fact that KOtBu gives any appreciable yield 
is a promising sign that the soft deprotonation mechanism could be operable as KOtBu 
should not be strong enough to effect deprotonation of methoxyamine. When these 
                                                 
35 See ref 27. 
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conditions were revisited, we found a similar isolated yield of the desired product, and 
importantly, found that the low yield was due to low conversion of the starting boronic 
ester and not to undesired side-reactions. This implies that the starting material is stable to 
the reaction conditions and that, perhaps, more forcing conditions could be used to furnish 
a higher yielding reaction without deleterious effects. Along with KOtBu, a few other bases 
were subsequently investigated including carbonate, hydroxide, methoxide bases but only 
KOtBu was found to furnish the amine product.  
 
Table 5.1. Previously reported base screena 
 
 
 A further optimization of conditions was then performed in an attempt to increase 
the conversion of the reaction (Table 5.2). Boc protection was performed after the reaction 
ease in the isolation of product. It was found that under these conditions there was no need 
for cryogenic temperatures and when all the reagents were added together at room 
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temperature and then heated to 60 °C, the same yield was obtained as when the reagents 
were added at -78 °C. (Table 5.2 entry 3). Changing to higher boiling solvents and 
increasing the reaction temperature to 100 °C, gratifyingly gave higher conversions of 
starting material. Both 1,4-dioxane and toluene afforded higher yields of the desired 
product when conducted at 100 °C (Table 5.2 entries 4 and 6). Lowering the temperature 
from 100 °C to 80 °C in toluene still gave the product in good yield (Table 5.2 entry 7), 
and decreasing the amount of amine and base equivalents from 3.0 to 1.5 did not result in 
significant lowering of overall efficiency (Table 5.2 entry 8). These conditions, with 1.5 
equivalents of amine and base, were used for the amination of primary and secondary 
boronic esters. 
 
Table 5.2. Optimization of reaction conditionsa  
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 5.3.3. Optimization of Conditions for the Aminations of Tertiary Boronic Esters. 
We applied the new amination conditions to the more challenging tertiary boronic esters 
(Table 5.3). Gratifyingly, the desired amination product was observed under the same 
conditions that were used for the primary substrate, albeit with modest conversion and low 
overall yield (Table 5.3 entry 1). A brief optimization was performed and it was determined 
that increasing the amine and base equivalents to 3.0 and 5.0 respectively, led to full 
conversion of the starting material and isolation of the desired product in 87% yield (Table 
5.3 entry 3). With these conditions the scope of the reaction was explored. 
 
Table 5.3. Optimization of tertiary conditionsa 
 
 
5.4 Scope and Utility 
 5.4.1. Primary and Secondary Boronic Ester Scope. The scope of the amination 
with primary and secondary substrates was explored with the conditions described above 
(Scheme 5.16). Pinacol esters as well as neopentyl glycol esters (5.63 and 5.71) and 
dimethylpentane diol esters (5.64) could be used in the reaction as well as a borinic ester 
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(5.75). Arene, pyridine, silanes, and benzyl- and silyl-protected alcohols were tolerated in 
the reaction. A key feature of the reaction, is that when enantioenriched substrates were 
used, enantioenriched amines were isolated with retention of configuration indicating the 
reaction proceeds through a 1,2-metallate rearrangement pathway and is consistent with 
the proposed mechanism. The stereochemistry of the Boc-protected amine product from 
substrate 5.71 (97:3 er) was confirmed by x-ray crystallography (Figure 5.1). 
 
Scheme 5.16. Scope of primary and secondary boronic estersa 
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Figure 5.1. Crystal structure of the Boc-protected amine product of 5.71. 
 
 
 5.4.2. Tertiary Boronic Ester Scope. The scope of the amination with tertiary 
boronic esters was explored with the conditions described previously (Scheme 5.17). 
Again, when enantioenriched tertiary boronic esters were used in the reaction, products 
with retention of stereochemistry were observed. Overall, the reaction proceeded 
efficiently even with hindered isopropyl substituted tertiary boronic ester 5.81. However, 
very sterically encumbered substrate 5.83 with an α-quaternary center was used, no 
conversion of the starting material was observed.  
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Scheme 5.17. Scope of tertiary boronic estersa 
 
 
 5.4.3. Benzylic Substrates. When benzylic substrates 5.84 was subjected to the 
reaction conditions, a low yield (12%) of the desired product was observed although the 
product was isolated with retention of stereochemistry (Scheme 5.17a). In this instance, a 
significant amount of protodeboration was observed. The low yield of the allylic boronic 
ester 5.74 can also be attributed to competitive protodeboration. The same was true when 
tertiary benzylic substrates were used. In this case, when 5.86 was used, no desired product 
was observed and instead 85% of the protodeboration product 5.87 was obtained (Scheme 
5.17b). The protodeboration did not occur with retention or inversion of stereochemistry 
but instead racemization was observed. This indicates that the protodeboration does not 
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proceed through a stereo-retentive or invertive pathway, but could arise from a boron ate 
complex that undergoes protonation through a transient carbanion. 
 
Scheme 5.17. Benzylic substratesa 
 
 
 5.4.4. Utility. The synthetic utility of the reaction is mostly highlighted by the fact 
that substrates that are made from a variety of methods can be used in the amination 
reaction. Reaction such as conjunctive cross-coupling, diboration cross-coupling, 
hydrosilylation, hydroboration, decarboxylative borylation, and deborylative alkylation 
were all used to synthesize the starting materials that were used in the amination (see 
experimental). In order to further highlight the practicality and utility of these reactions, 
gram scale reactions and reactions performed open to air were carried out (Scheme 5.18). 
The reaction works efficiently on gram scale (Scheme 5.18, eq 1). Due to the fact that the 
base used in the reaction is not pyrophoric, the reaction is relatively simple to set up and 
doesn’t require an inert atmosphere. The reaction can be carried out open to air without 
purging with nitrogen on nearly gram scale (Scheme 5.18, eq 2). The reaction is also 
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relatively insensitive to the toluene:THF ratio, and a commercially available KOtBu in 
THF solution can be employed with the same results. The order of reagent addition also 
doesn’t affect the reaction outcome, as no reaction occurs until heat is applied. The reagents 
can be simply added together in no particular order and then heated.  
 
Scheme 5.18. Gram scale and open to the atmosphere experimentsa 
 
 
5.5 Conclusion 
 We sought to develop practical conditions for the direct amination of tertiary 
boronic esters. In doing so, we established conditions that can be applied to these 
challenging tertiary substrates, as well as primary and secondary boronic and borinic esters, 
generating the corresponding amines with retention of configuration and without 
racemization. To date this is only known direct amination of tertiary boronic esters. The 
reaction is simple to set up, and offers distinct advantages including being insensitive to 
the order of addition of reagents and solvent ratios, it does not require pyrophoric reagents 
or cryogenic temperatures, and can be conducted on gram scale in the open atmosphere. 
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5.6 Experimental 
5.6.1. General Information. 1H NMR spectra were recorded on either a Varian 
Gemini-500 (500 MHz) or Varian Gemini-600 (600 MHz) spectrometer. Chemical shifts 
are reported in ppm with the solvent resonance as the internal standard (CDCl3: 7.26 ppm). 
Data are reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, 
q = quartet, p = pentet, m = multiplet, br = broad, app = apparent), integration, and coupling 
constants (Hz). 13C NMR spectra were recorded on either a Varian Gemini-500 (125 MHz) 
or a Varian Gemini-600 (150 MHz) spectrometer with complete proton decoupling. 
Chemical shifts are reported in ppm with the solvent resonance as the internal standard 
(CDCl3: 77.16 ppm). 11B NMR spectra were recorded on a Varian Gemini-500 (160 MHz). 
Chemical shifts are reported in ppm with an external standard (BF3·Et2O: 0 ppm). 19F NMR 
spectra were recorded on a Varian Gemini-500 (470 MHz) spectrometer or Varian Gemini-
600 (564 MHz) spectrometer. Infrared (IR) spectra were recorded on a Bruker alpha-P 
Spectrometer. Frequencies are reported in wavenumbers (cm-1) as follows: strong (s), broad 
(br), medium (m), and weak (w). Optical rotations were measured on a Rudolph Analytical 
Research Autopol IV Polarimeter. High-resolution mass spectrometry (DART and ESI) 
was performed at the Mass Spectrometry Facility, Boston College, Chestnut Hill, MA. 
Liquid chromatography was performed using forced flow (flash chromatography) on silica 
gel (SiO2, 230 x 450 Mesh) purchased from Silicycle or with a Biotage Isolera One 
equipped with full wavelength scan. Thin layer chromatography (TLC) was performed on 
25 μm silica gel glass backed plates from Silicycle. Visualization was performed using 
ultraviolet light (254 nm), ceric ammonium molybdate (CAM) in ethanol, 
phosphomolybdic acid and cerium(IV) sulfate in ethanol with sulfuric acid (Seebach), 
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ninhydrin, or potassium permanganate. Analytical chiral supercritical fluid 
chromatography (SFC) was performed on a TharSFC Method Station II equipped with 
Waters 2998 Photodiode Array Detector with isopropanol or methanol as the modifier. All 
reactions were conducted in oven- or flame-dried glassware under an inert atmosphere of 
nitrogen or argon. Tetrahydrofuran (THF), diethyl ether (Et2O), dichloromethane (CH2Cl2) 
and toluene were purified using Pure Solv MD-4 solvent purification system, from 
Innovative Technology, Inc., by passing the solvent through two activated alumina 
columns after purging with nitrogen. O-methylhydroxylamine hydrochloride was 
purchased from AK Scientific and free based as described below. Palladium (II) acetate, 
1,1′-Bis(dicyclohexylphosphino)ferrocene, and 1,1′-Bis(diphenylphosphino)ferrocene 
were purchased from Strem Chemicals, Inc. and used without further purification. 5.58 was 
generously donated by Solvias. All other reagents were purchased from either Aldrich, Alfa 
Aesar, Acros, Oakwood Chemicals, Combi Blocks, or TCI and were used without further 
purification. 
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5.6.2. Experimental Information. 
5.6.2.1. Preparation of Methoxyamine Solution in THF. The O-
methylhydroxylamine (methoxyamine) solution in THF was prepared according to the 
procedure reported in the literature with slight modification.36 To a flame-dried, round 
bottom flask was added O-methylhydroxylamine hydrochloride (15.0 g, 0.18 mol) and 
sodium hydroxide (7.2 g, 0.18 mol). The flask was purged with N2, and THF (30.0 mL) 
and one drop of water were added. The mixture was vigorously left to stir for 12 h. The 
supernatant was then transferred via syringe to another flame-dried, round bottom flask 
containing DRIERITE® (49.0 g). The solution was left to sit without stirring for 16 hours. 
The supernatant was passed through a dried Schlenk-filter to a collection flask under an 
atmosphere of N2 with THF washes (2 x 10.0 mL). The concentration of the methoxyamine 
THF solution was determined by 1H NMR spectroscopy using toluene as an internal 
standard (solution concentration typically around 2M). 
 
5.6.2.2. Procedures for the Preparation of Starting Materials. 
Boronic Esters purchased from Combi Blocks:  
3-Phenyl-1-propylboronic acid pinacol ester (5.65) - CAS [329685-40-7] 
Cyclohexylboronic acid pinacol ester (5.70) - CAS [4441-56-9] 
 
 
 
                                                 
36 Yamagiwa, N.; Matsunaga, S.; Shibasaki, M. J. Am. Chem. Soc. 2003, 125, 16178. 
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General Procedure for trimethylborate alkylation: To an oven-dried round bottom flask 
with magnetic stir bar under N2 was added trimethylborate (1.2 equiv) and THF (1M). The 
reaction flask was allowed to cool to -78℃ and hexyllithium (1.0 equiv) was added 
dropwise (syringe pump can be used for large volumes). After the addition the reaction 
flask was allowed to warm to room temperature and left to stir for 8 hours, after which 1M 
HCl (1.0 equiv) was added followed by H2O and the solution was left to stir at room 
temperature for 2 hours. The reaction solution was extracted with Et2O and the combined 
organic layers were washed with water and brine, dried over Na2SO4, filtered with Et2O 
and the solvent was removed under reduced pressure. Pentane (10.0 mL) was then added 
to the resulting boronic acid and diol (1.2 equiv.) was added. The solution was left to stir 
for 3 hours. The water was then pipetted off of the reaction, Na2SO4 was added, filtered 
with Et2O, and the solvent was removed under reduced pressure. The crude residue was 
purified on silica gel. 
 
2-hexyl-5,5-dimethyl-1,3,2-dioxaborinane (5.63). Prepared 
according to the general procedure for trimethylborate alkylation 
with hexyllithium (2.2 mL, 2.3 M in hexane, 5.0 mmol) and neopentyl glycol (0.62 g, 6.0 
mmol). The crude residue was purified on silica gel with 0-20% EtOAc in hexanes to afford 
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the title compound as clear colorless oil (182.8 mg, 18%). All spectral data is in accord 
with the literature.37  
 
2-hexyl-4,4,6,6-tetramethyl-1,3,2-dioxaborinane (5.64). 
Prepared according to the general procedure for trimethylborate 
alkylation with hexyllithium (2.2 mL, 2.3 M in hexane, 5.0 mmol) and 2,4-
dimethylpentanediol (0.79 g, 5.0 mmol). 1H NMR (500 MHz, CDCl3) δ 1.77 (s, 2H), 1.38-
1.21 (m, 20H), 0.86 (t, 3H, J = 6.8 Hz), 0.63 (t, 2H, J = 9.1 Hz). 13C NMR (150 MHz, 
CDCl3) δ 70.2, 49.0, 32.3, 32.0, 24.5, 22.8, 15.9, 14.3. 11B NMR (160 MHz, CDCl3) δ 
30.0. IR (neat) νmax 2974.4 (w), 2923.3 (m), 2857.1 (w), 1363.7 (s), 1206.2 (s), 1139.8 (w), 
909.7 (w), 880.6 (w), 769.8 (m), 734.3 (m) cm-1. HRMS (DART+) for C13H31BO2N 
[M+NH4]+ calculated: 244.2448, found: 244.2443.  
 
 
 
General procedure for iridium catalyzed hydroboration.38 In an Ar-filled glove box, 
[Ir(COD)Cl]2 (1.5%) and diphenylphosphinomethane (3%), and a magnetic stir bar were 
added to a round bottom flask. The flask was sealed with a rubber septa and removed from 
the glove box. Under N2, CH2Cl2 (0.3 M), pinacolborane (1.2 equiv), and alkene (1.0 equiv) 
                                                 
37 Yang, C.-T.; Zhang, Z.-Q.; Tajuddin, H.; Wu, C.-C.; Liang, J.; Liu, J.-H.; Fu, Y.; Czyzewska, M.; Steel, 
P. G.; Marder, T. B.; Liu, L. Angew. Chem. Int. Ed. 2011, 51, 528. 
38 Yamamoto, Y.; Fujikawa, R.; Umemoto, T.; Miyaura, N. Tetrahedron, 2004, 60, 10695. 
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were added successively. The reaction was sealed and left to stir at room temperature for 
16 h. The reaction was quenched with methanol and water. The layers were separated and 
the aqueous layer was extracted with diethyl ether (3x). The combined organics were dried 
over Na2SO4, filtered, and concentrated under reduced pressure to afford the crude product 
which was purified by silica gel chromatography. 
 
 4,4,5,5-tetramethyl-2-octyl-1,3,2-dioxaborolane (5.59). 
Prepared according to the general procedure for iridium catalyzed hydroboration and all 
spectral data is in accord with the literature.37 
 
2-(4-(benzyloxy)butyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 
(5.30). Prepared according to the general procedure for iridium catalyzed hydroboration. 
All spectral data is in accord with the literature.39 
 
 
 
2-(hept-6-en-1-yl)pyridine (5.91). A round bottom flask equipped 
with a magnetic stir bar was flame dried and back filled with N2. 
THF (25.0 mL) and 2-methylpyridine (5.90) (0.49 mL, 5.0 mmol, 1.0 equiv) were added 
successively. The reaction mixture was allowed to cool to -78 °C and tert-butyllithium 
                                                 
39 Mlynarski, S. N.; Karns, A. S.; Morken, J. P. J. Am. Chem. Soc. 2012, 134, 16449. 
848 
(3.24 mL, 1.7 M in pentane, 5.5 mmol, 1.1 equiv) was added dropwise cautiously. After 
the addition the reaction mixture was left to stir for 20 minutes then 6-bromo-1-hexene 
(5.91) (0.67 mL, 5.0 mmol, 1.0 equiv) was added dropwise. The reaction mixture was 
allowed to warm to room temperature then left to stir for 1 h at room temperature. The 
reaction mixture was allowed to cool to 0 °C and quenched with NH4Cl (aq, sat’d, 20.0 
mL). Brine was added, the layers were separated, and the aqueous layer was extracted with 
EtOAc (3 x 20.0 mL). The combined organics were dried over Na2SO4, filtered, and 
concentrated under reduced pressure to afford the crude residue which was purified with 
the Biotage Isolera One (0-10% EtOAc in hexanes) to afford the title compound as clear 
colorless oil (0.88 g, 55%).1H NMR (500 MHz, CDCl3) δ 8.51 (ddd, 1H, J = 4.9, 1.9, 0.9 
Hz), 7.56 (td, 1H, J = 7.6, 1.8 Hz), 7.12 (dt, 1H, J = 7.8, 1.1 Hz), 7.07 (ddd, 1H, J = 7.4, 
4.9, 1.2 Hz), 5.79 (ddt, 1H, J = 17.0, 10.2, 6.7 Hz), 4.97 (dq, 1H, J = 17.1, 1.7 Hz), 4.91 
(ddt, 1H, J = 10.2, 2.3, 1.2 Hz), 2.77 (t, 2H, J = 7.8 Hz), 2.03 (q, 2H, J = 6.8 Hz), 1.72 (p, 
2H, J = 7.7 H), 1.46-1.32 (m, 4H). 13C NMR (150 MHz, CDCl3) δ 162.5, 149.3, 139.1, 
136.3, 122.8, 121.0, 114.4, 38.5, 33.8, 29.9, 29.0, 28.9. IR (neat) νmax 3074.8 (w), 2925.9 
(m), 2855.1 (m), 1639.8 (w), 1589.5 (m), 1473.8 (m), 1433.8 (s), 1148.0 (w), 933.1 (m), 
908.5 (s), 748.1 (s) cm-1. HRMS (DART+) for C12H18N [M+H]+ calculated: 176.1439, 
found: 176.1434. 
 
2-(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)heptyl)p- 
yridine (5.68). Prepared according to the general procedure 
for iridium catalyzed hydroboration with 2-(hept-6-en-1-yl)pyridine (5.91) (175.3 mg, 1.0 
mmol, 1.0 equiv), pinacolborane (0.18 mL, 1.2 mmol, 1.2 equiv), [Ir(COD)Cl]2 (6.7 mg, 
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0.01 mmol, 1.0%), diphenylphosphinomethane (7.7 mg, 0.02 mmol, 2.0%) in CH2Cl2 (3.0 
mL). The crude mixture was purified on silica gel with the Biotage Isolera one with 0-10% 
EtOAc in hexanes to afford the title compound as clear colorless oil (202.1 mg, 67%). 1H 
NMR (500 MHz, CDCl3) δ 8.49 (d, 1H, J = 4.8 Hz), 7.54 (td, 1H, J = 7.7, 1.9 Hz), 7.10 
(d, 1H, J = 7.8 Hz), 7.05 (dd, 1H, J = 6.9, 5.5 Hz), 2.74 (t, 2H, J = 8.0 Hz), 1.72-1.64 (m, 
2H), 1.41-1.23 (m, 8H), 1.21 (s, 12H), 0.73 (d, 2H, J = 7.8 Hz). 13C NMR (150 MHz, 
CDCl3) δ 162.7, 149.3, 136.3, 122.8, 120.9, 82.9, 38.6, 32.5, 30.0, 29.5, 29.4, 24.9, 24.1, 
11.4 (C-B). 11B NMR (160 MHz, CDCl3) δ 33.9. IR (neat) νmax 2977.3 (w), 2925.2 (m), 
2855.2 (w), 1589.9 (w), 1473.3 (W), 1370.7 (s), 1315.9 (s), 1152.6 (s), 967.9 (m), 846.4 
(m), 748.3 (m) cm-1. HRMS (DART+) for C18H31BNO2 [M+H]+ calculated: 304.2448, 
found: 304.2460. 
 
tert-butyldiphenyl(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan- 
2-yl)butoxy)silane (5.33). Prepared according to the general 
procedure for iridium catalyzed hydroboration with (but-3-en-1-yloxy)(tert-
butyl)diphenylsilane40 (2.5 g, 8.0 mmol, 1.0 equiv), pinacolborane (1.4 mL, 9.6 mmol, 1.2 
equiv), [Ir(COD)Cl]2 (80.6 mg, 0.12 mmol, 1.5%), diphenylphosphinomethane (96.1 mg, 
0.24 mmol, 3.0%) in CH2Cl2 (27.0 mL). The crude mixture was purified on silica gel with 
the Biotage Isolera one with 0-10% EtOAc in hexanes to afford the title compound as clear 
colorless oil (2.93 g, 84%). 1H NMR (500 MHz, CDCl3) δ 7.70-7.63 (m, 4H), 7.46-7.31 
(m, 6H), 3.65 (t, J = 6.5 Hz, 2H), 1.59 (p, J = 6.9 Hz, 2H), 1.47 (p, J = 7.8 Hz, 2H), 1.23 
                                                 
40 Nguyen, T. L.; Ferrié, L.; Figadère, B. Tetrahedron Lett, 2016, 57, 2586. 
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(s, 12H), 1.04 (s, 9H), 0.77 (t, J = 7.6 Hz). 13C NMR (150 MHz, CDCl3) δ 135.7, 134.3, 
129.5, 127.7, 82.9, 64.0, 35.3, 27.0, 24.9, 20.4, 19.3, 11.0 (C-B). 11B NMR (160 MHz, 
CDCl3) δ 33.9. IR (neat) νmax 2931.1 (w), 2858.1 (w), 1472.0 (w), 1427.5 (m), 1318.9 (m), 
1214.5 (m), 1144.7 (m), 1108.8 (s), 701.1 (s) cm-1. HRMS (DART+) for C26H40BO3Si 
[M+H]+ calculated: 439.2840, found: 439.2825. 
 
 
 
dimethyl(phenyl)(2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)ethy- 
l)silane (5.67). Prepared according to the procedure reported in the literature with slight 
modification.41 In an Ar-filled glovebox, B2pin2 (1.27g, 5.00 mmol, 1.0 equiv.), copper (I) 
chloride (24.8 mg, 0.25 mmol, 0.05 equiv.) 1,1′-bis(diisopropylphosphino)ferrocene (112.1 
mg, 0.25 mmol, 0.05 equiv.), and potassium tert-butoxide (673 mg, 6.00 mmol, 1.2 equiv.) 
were added to 50 mL round bottom flask equipped with a magnetic stir bar. The flask was 
sealed with a rubber septum and removed from the glovebox. THF (10.0 mL, 0.5 M) was 
added and reaction mixture was allowed to cool to 0 °C before dimethylphenylvinylsilane 
(5.93) (0.91 mL, 5.0 mmol, 1.0 equiv.) was slowly added, followed by anhydrous methanol 
(0.8 mL, 20.0 mmol, 4.0 equiv.). Reaction was allowed to warm to room temperature and 
left to stir for 3 hours. The mixture was filtered through a plug of silica gel with Et2O, then 
                                                 
41 Kubota, K., Yamamoto, E.; Ito, H. Adv. Synth. Catal. 2013, 355, 3527. 
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concentrated under reduced pressure to afford a yellow oil. The crude mixture was purified 
by silica gel chromatography (1% ethyl acetate in hexanes) to afford the title compound as 
clear colorless oil (1.21 g, 83% yield). 1H NMR (500 MHz, CDCl3): δ 7.56-7.45 (m, 2H), 
7.39-7.29 (m, 3H), 1.23 (s, 12H), 0.89-0.68 (m, 4H), 0.26 (d, J = 2.0 Hz, 6H). 13C NMR 
(125 MHz, CDCl3): δ 139.4, 133.7, 128.7, 127.6, 82.9, 24.8, 8.5, -3.5. 11B NMR (160 MHz, 
CDCl3) δ 34.06. IR (neat) νmax 2977.7 (m), 2955.3 (m), 1426.0 (m), 1412.8 (s), 1358.9 (m), 
1319.1 (m), 1237.7 (m), 1144.6 (m), 1112.8 (m), 996.2 (m), 879.5 (m), 832.9 (s), 811.9 
(m), 771.8 (m) cm-1. HRMS (DART+) for C16H31BNO2Si [M+NH4]+ calculated: 
308.2217, found: 308.2217. 
 
 
 
(S)-5,5-dimethyl-2-(1-phenylhexan-2-yl)-1,3,2-dioxaborinane (5.71). 
Prepared according to the procedure reported in the literature42 with vinyl boronic acid 
neopentyl glycol ester (210.0 mg, 1.5 mmol, 1.0 equiv), n-butyllithium (0.595 mL, 2.52 M, 
1.5 mmol, 1.0 equiv), palladium acetate (3.37 mg, 0.015 mmol, 1%), 5.93 (19.0 mg, 0.018 
mmol, 1.2%), and phenyl trifluoromethanesulfonate (407.1 mg, 1.8  mmol, 1.2 equiv) in 
THF (6.5 mL). The crude residue was purified on silica gel with 20-40% CH2Cl2 in hexanes 
                                                 
42 Zhang, L.; Lovinger, G. J.; Edelstein, E. K.; Szymaniak, A. A.; Chierchia, M. P.; Morken, J. P. Science, 
2016, 351, 70. 
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to afford a mixture of the title compound and butylboronic acid neopentyl glycol ester in a 
84:16 mixture as clear colorless oil (290.2 mg, 63% title compound, 97:3 er). 
 
 (S)-4,4,5,5-tetramethyl-2-(1-phenylhexan-2-yl)-1,3,2-dioxaborolane  
(5.72). Prepared according to the procedure reported in the literature7 with vinyl boronic 
acid pinacol ester (231.0 mg, 1.5 mmol, 1.0 equiv), n-butyllithium (0.595 mL, 2.52 M, 1.5 
mmol, 1.0 equiv), palladium acetate (3.37 mg, 0.015 mmol, 1%), 5.93 (19.0 mg, 0.018 
mmol, 1.2%), and phenyl trifluoromethanesulfonate (407.1 mg, 1.8  mmol, 1.2 equiv) in 
THF (6.5 mL). The crude residue was purified on silica gel with 20-40% CH2Cl2 in hexanes 
to afford the title compound as clear colorless oil (373.2 mg, 86%, 92:8 er). 1H NMR (600 
MHz, CDCl3) δ 7.25-7.17 (m, 4H), 7.17-7.09 (m, 1H), 2.76-2.59 (m, 2H), 1.50-1.25 (m, 
8H), 1.16 (s, 6H), 1.13 (s, 6H), 0.87 (t, J = 7.2 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 
142.6, 129.0, 128.1, 125.7, 83.1, 37.5, 31.5, 31.0, 24.9, 24.8, 23.1, 14.2. 11B NMR (160 
MHz, CDCl3) δ 34.2. IR (neat) νmax 2977.0 (w), 2957.7 (w), 2924.4 (w), 2856.0 (w), 1455.2 
(w), 1379.7 (m), 1317.9 (m), 1242.9 (w), 1213.7 (w), 1143.0 (s), 967.3 (w), 861.8 (w), 
745.8 (w), 698.3 (m) cm-1. HRMS (DART+) for C18H33BO2N [M+NH4]+ calculated: 
306.2604, found: 306.2614. [ɑ]20D -1.370 (c = 0.980, CHCl3, l = 50 mm). 
 
Analysis of Stereochemistry. Racemic material was prepared analogously using Pd(OAc)2 
(5%) and dicyclohexylphosphinoferrocene (6%) as the catalyst. The enantioselectivities 
were determined after oxidation to the corresponding alcohol as follows: The product (0.3 
mmol) was diluted with THF (3.0 mL) and allowed to cool to 0 °C. H2O2 (30%, 1.0 mL) 
and NaOH (3M, 1.0 mL) were added successively. The reaction mixture was allowed to 
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warm to room temperature and was left to stir for 5 h. The reaction mixture was allowed 
to cool to 0 °C, and quenched dropwise with Na2S2O3 (sat’d, 4.0 mL). The reaction mixture 
was left to stir for 5 minutes at 0 °C then allowed to warm to room temperature. The layers 
were separated and the aqueous layer was extracted with EtOAc (3 x 10.0 mL). The 
combined organic layers were dried over Na2SO4, filtered, and concentrated under reduced 
pressure. The crude residue was purified on silica gel. 
 
Chiral SFC (Chiralcel OD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (R)-2,3-dimethyl-1-phenylbutan-2-ol. 
 Racemic Material  Alcohol from B(neo)  Alcohol from B(pin) 
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 (R)-2-(1-(4-methoxyphenyl)-3-phenylpropan-2-yl)-4,4,5,5-tet- 
ramethyl-1,3,2-dioxaborolane (5.73). Prepared according to the 
procedure reported in the literature43 with bis(pinacolato)diboron (400.0 mg, 1.58 mmol, 
1.05 equiv.), 5.97 (18.50 mg, 0.018 mmol, 1.2 %), Pt(dba)3 (13.5 mg, 0.015 mmol, 1%), 
allylbenzene (5.95) (0.20 mL , 1.5 mmol, 1.0 equiv.), palladium (II) acetate (16.8 mg, 0.075 
mmol, 5%), ruphos (5.98) (35.0 mg, 0.075 mmol, 5%), potassium hydroxide (252.0 mg, 
4.50 mmol, 3.0 equiv), 4-bromoanisole (0.18 mL, 2.25 mmol, 1.5 equiv), THF (9.0 mL) 
and water (1.0 mL). The crude residue was purified with the Biotage Isolera One in 0-15% 
EtOAc in hexanes to afford the title compound as clear yellow oil (233.8 mg, 44% yield, 
94:6 er). 1H NMR (600 MHz, CDCl3) δ 7.26-7.19 (m, 4H), 7.17-7.11 (m, 3H), 6.80 (d, 1H, 
J = 8.6 Hz), 3.78 (s, 3H), 2.74-2.64 (m, 4H), 1.74 (p, 1H, J = 8.2 Hz), 1.044 (s, 6H), 1.040 
(s, 6H). 13C NMR (150 MHz, CDCl3) δ 160.4, 144.6, 136.6, 132.4, 131.5, 130.7, 128.3, 
116.2, 85.7, 57.9, 39.8, 38.9, 27.4 11B NMR (160 MHz, CDCl3) δ 33.6. IR (neat) νmax 
3027.50 (w), 2976.90 (m), 2927.35 (m), 2851.00 (w), 1610.82 (w), 1510.42 (s), 1453.83 
                                                 
43 Mlynarski, S. N.; Schuster, C. H.; Morken, J. P. Nature 2014, 505, 386. 
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(m), 1379.52 (s), 1322.08 (m), 1243.11 (s), 1141.05 (s), 1036.35 (s), 968.52 (m), 832.03 
(m), 742.30 (m), 698.74 (s) cm-1. HRMS (DART+) for C22H30BO3 [M+H]+ calculated: 
353.2288, found: 353.2305. [ɑ]20D -4.999 (c = 0.880, CHCl3, l = 50 mm). er 94:6. 
 
Analysis of Stereochemistry. The boronic ester was compared to racemic boronic ester 
prepared analogously with Pt(dba)3 (1%) and tricyclohexylphosphine (1.2%) as the catalyst 
for diboration. 
 
Chiral SFC (Chiralcel ODR-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (R)-2-(1-(4-methoxyphenyl)-3-phenylpropan-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane. 
     Racemic Material               Product 
 
 
 
 
 
 
 
 
856 
 
 
 (R,E)-4,4,5,5-Tetramethyl-2-(1-phenyloct-3-en-2-yl)-1,3,2-
dioxa borolane (5.74). Prepared according to the procedure, 
and all spectral data is in accord with the literature (92:8 er).44 
 
 
 
(R)-10-(1-phenyldecan-2-yl)-9-oxa-10-borabicyclo[3.3.2]decane (5.75). 
Prepared according to the procedure and all spectral data in accord with the 
literature (95:5 er).45 
 
 
                                                 
44 Edelstein, E. K.; Namirembe, S.; Morken, J. P. J. Am. Chem. Soc. 2017, 139, 5027. 
45 Chierchia, M.; Law, C.; Morken, J. P. Angew. Chem. Int. Ed. 2017, 56, 11870. 
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(R)-dimethyl(phenyl)(3-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-dioxabo-
rolan-2-yl)propyl)silane (5.76). Prepared according to the procedure in 
the literature.46 1H NMR (600 MHz, CDCl3) δ  7.47-7.48 (m, 2H), 7.27-7.34 (m, 3H), 7.23 
(t, J = 7.6 Hz, 2H), 7.07-7.17 (m, 3H), 2.63-2.73 (m, 1H), 2.39-2.50 (m, 1H), 1.92 – 1.82 
(m, 1H), 1.57-1.67 (m, 1H), 1.22 (s, 6H), 1.18 (s, 6H), 0.70 (d, J = 12.4 Hz, 1H), 0.30 (s, 
3H), 0.29 (s, 3H).  13C NMR (150 MHz, CDCl3) δ 142.7, 139.0, 134.0, 128.9, 128.7, 128.3, 
127.7, 125.7, 83.0, 39.6, 28.2, 25.4, 24.9, 13.9 (C-B),-2.1, -3.2.  11B NMR (160 MHz, 
CDCl3) δ 34.83.  IR (neat) νmax 3067 (w), 2976 (m), 2927 (m), 1479 (w), 1378 (s), 1370 
(s), 1307 (s), 1143 (s), 966 (w), 814 (s), 698 (s) cm-1.  HRMS (DART+) for C23H37BO2SiN 
[M+H]+ calculated: 398.2687, found: 398.2670. [α]20D +21.391 (c = 1.047, CHCl3, l = 50 
mm). er 94:6. 
 
Analysis of Stereochemistry. The enantioselectivity was determined by oxidizing to the 
corresponding alcohol as follows: The product (0.3 mmol) was diluted with THF (3.0 mL) 
and allowed to cool to 0 °C. H2O2 (30%, 1.0 mL) and NaOH (3M, 1.0 mL) were added 
successively. The reaction mixture was allowed to warm to room temperature and was left 
to stir for 5 h. The reaction mixture was allowed to cool to 0 °C, and quenched dropwise 
                                                 
46 Szymaniak, A. A.; Zhang, C.; Coombs, J. R. ACS Catal. 2018, 8, 2897. 
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with Na2S2O3 (sat’d, 4.0 mL). The reaction mixture was left to stir for 5 minutes at 0 °C 
then allowed to warm to room temperature. The layers were separated and the aqueous 
layer was extracted with EtOAc (3 x 10.0 mL). The combined organic layers were dried 
over Na2SO4, filtered, and concentrated under reduced pressure. The crude residue was 
purified on silica gel. 
 
Analysis of Stereochemistry. Chiral SFC (Chiralcel OJ-H, 10% IPA, 3 mL/min, 100 bar, 
35 °C, 210-270 nm) – analysis of (S)-1-(dimethyl(phenyl)silyl)-3-phenylpropan-1-ol. 
 
Racemic Material     Product 
 
 
 
 
 
 
 
 
 
 
 
 
 
859 
 
 
4,4,5,5-tetramethyl-2-(1-methylcyclohexyl)-1,3,2-dioxaborolane (5.77). 
Prepared according to the procedure reported in the literature47 with 1,3-
dioxoisoindolin-2-yl 1-methylcyclohexane-1-carboxylate (575.0 mg, 2.0 mmol, 1.0 
equiv.), bis(catecholatodiboron) (595.0 mg, 2.5 mmol, 1.25 equiv.) in DMA (12.0 mL), 
followed by pinacol (945.0 mg, 8.0 mmol, 4.0 equiv.) in triethylamine (4.0 mL). The crude 
material was purified on silica gel with 5% EtOAc in hexanes to give the title compound 
as a white solid (152.6 mg, 34%). All spectral data is in accord with the literature.48 
 
2-((3r,5r,7r)-adamantan-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 
(5.78). Prepared according to the procedure reported in the literature.47 All 
spectral data is in accord with the literature.48 
  
 
 
 
 
 
                                                 
47 Fawcett, A.; Pradeilles, J.; Wang, Y.; Mutsuga, T.; Myers, E. L.; Aggarwal, V. K. Science, 2017, 357, 
283. 
48 Dudnik, A. S.; Fu, G. C. J. Am. Chem. Soc. 2012, 134, 10693. 
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Note: Iodomethane is toxic and should be used with extreme caution. 
 
2,2'-(ethane-1,1-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)  
(5.107). A 250 mL round bottom flask equipped with a magnetic stir bar 
was flame dried and back filled with N2. THF (38.0 mL) and 2,2,6,6-tetramethylpiperidine 
(2.78 mL, 16.5 mmol, 1.1 equiv.) were added. The flask was allowed to cool to -78 °C and 
n-butyllithium (6.60 mL, 16.5 mmol, 2.5 M in hexanes, 1.1 equiv.) was added cautiously. 
The mixture was left to stir for 10 minutes, then allowed to warm to 0 °C. bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)methane (5.106) (4.02 g, 15.0 mmol, 1.0 equiv.) was 
added as a solution in THF (12.0 mL). The mixture was left to stir for 10 minutes at 0 °C 
upon which the solution turns cloudy as the diboryl anion crashes out of solution. 
Iodomethane (1.0 mL, 16.5 mmol, 1.1 equiv.) was then added and the solution turns clear 
as the diboryl anion gets consumed. The mixture was left to stir at 0 °C for 10 minutes, and 
then allowed to warm to room temperature and left to stir for an additional 30 minutes. The 
mixture was quenched with NH4Cl (aq, sat’d, 20.0 mL), the layers were separated and the 
aqueous layer was extracted with Et2O (3 x 20 mL). The combined organic layers were 
dried over Na2SO4, filtered, and concentrated under reduced pressure. The crude residue 
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was purified on silica gel with 5-20% EtOAc in hexanes to afford the title compound as a 
clear colorless oil (3.87 g, 92% yield). All spectral data is in accord with the literature.49 
 
2,2'-(propane-2,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane)  
(5.108). Prepared analogously to the procedure reported for the synthesis of 5.107 on 12.0 
mmol scale. The crude residue was purified on silica gel with 5-20% EtOAc in hexanes to 
afford the title compound as a white solid (3.27 g, 92% yield). All spectral data is in accord 
with the literature.50 
 
 
 
4-(benzyloxy)butan-1-ol (5.110). Prepared according to the procedure 
reported and all spectral data is in accord with the literature.51  
 
((4-bromobutoxy)methyl)benzene (5.111). Prepared according to the 
procedure reported in the literature.52 All spectral data is in accord with the literature.53 
 
 
                                                 
49 Endo, K.; Hirokami, M.; Shibata, T. J. Org. Chem. 2010, 75, 3469.  
50 Zhang, Z.-Q.; Yang, C.-T.; Liang, L.-J.; Xiao, B.; Lu, X.; Liu, J.-H.; Sun, Y.-Y.; Marder, T. B.; Fu, Y. 
Org. Lett. 2014, 16, 6342. 
51 Kiddle, J. J.; Green, D. L. C.; Thompson, C. M. Tetrahedron, 1995, 51, 2851. 
52 Charette, A. B.; Grenon, M.; Lemire, A.; Pourashraf, M.; Martel, J. J. Am. Chem. Soc. 2001, 123, 11829.  
53 Bernet, V.; Brox, R.; Heinrich, M. R.; Auberson, Y. P.; Tschammer, N. ChemMedChem, 2015, 10, 566. 
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tert-butyl(4-chlorobutoxy)diphenylsilane (5.113). To a 100 mL 
round bottom flask equipped with a magnetic stir bar was added CH2Cl2 (50.0 ml), 4-
chloro-1-butanol (5.112) (1.0 mL, 10.0 mmol, 1.0 equiv.), imidazole (817.0 mg, 12.0 mmol 
(1.2 equiv.), and 4-dimethylaminopyridine (122.2 mg, 1.0 mmol, 0.1 equiv.) and the 
mixture was left to stir. tert-Butyldiphenylchlorosilane (2.85 mL, 11.0 mmol, 1.1 equiv.) 
was then added. The mixture was left to stir for 16 hours at room temperature open to the 
atmosphere, then concentrated under reduced pressure. The crude residue was purified with 
the Biotage Isolera One purification system with 2-10% EtOAc in hexanes to afford the 
title compound as clear colorless oil (2.58 g, 74% yield). 1H NMR (600 MHz, CDCl3) δ 
7.79-7.62 (m, 4H), 7.53-7.36 (m, 6H), 3.72 (t, J = 6.0 Hz, 2H), 3.57 (t, J = 6.0 Hz, 2H), 
1.96-1.889 (m, 2H), 1.76-1.69 (m, 2H), 1.09 (s, 9H).  13C NMR (150 MHz, CDCl3) δ 135.7, 
134.0, 129.8, 127.8, 63.2, 45.2, 30.0, 29.4, 27.0, 19.4.  IR (neat) νmax 2955.5 (w), 2931.3 
(w), 2857.3 (w), 1771.7 (w), 1427.3 (w), 1104.7 (s), 822.3 (m), 737.7 (m), 699.8 (s), 612.8 
(m) cm-1. HRMS (DART+) for C20H28BOSiCl [M+H]+ calculated: 347.1593, found: 
347.1601.  
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2-(6-(benzyloxy)-2-methylhexan-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (5.79). Prepared according to the procedure reported in the literature54 with 
2,2'-(propane-2,2-diyl)bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) (5.108) (769.6 mg, 
2.6 mmol, 1.3 equiv.), ((4-bromobutoxy)methyl)benzene (5.111) (486.3 mg, 2.0 mmol, 1.0 
equiv.), NaOtBu (576.6 mg, 6.0 mmol, 3.0 equiv.), and THF (10.0 mL). The crude residue 
was purified on silica gel with 2-5% EtOAc in hexanes to afford a mixture of the title 
compound and the diboron starting material (41% yield title compound). The mixture was 
then left to stir with KOtBu (200.0 mg) in toluene (5.0 mL) under N2 for 14 hours at room 
temperature to consume the remaining diboron starting material. After 14 hours the mixture 
was concentrated under reduced pressure and then purified on silica gel with 2-10% EtOAc 
in hexanes to afford the title compound as clear colorless oil (203.4 mg, 31% yield). 1H 
NMR (600 MHz, CDCl3) δ 7.36-7.30 (m, 4H), 7.30-7.26 (m, 1H), 4.50 (s, 2H), 3.47 (t, J 
= 6.7 Hz, 2H), 1.60 (p, J = 7.0 Hz, 2H), 1.36-1.25 (m, 4H), 1.21 (s, 12H), 0.92 (s, 6H). 13C 
NMR (150 MHz, CDCl3) δ 139.0, 128.4, 127.7, 127.5, 83.0, 72.9, 70.7, 41.2, 30.8, 25.0, 
24.8, 23.2. 11B NMR (160 MHz, CDCl3) δ 34.7.  IR (neat) νmax 2976.4 (w), 2933.2 (w), 
2858.9 (w), 1474.2 (w), 1363.4 (m), 1305.6 (s), 1138.6 (s), 1104.6 (m), 886.0 (s), 733.7 
(w), 670.6 (m) cm-1. HRMS (DART+) for C20H34BO3 [M+H]+ calculated: 333.2601, 
found: 333.2619. 
 
                                                 
54 Hong, K.; Liu, X.; Morken, J. P. J. Am. Chem. Soc. 2014, 136, 10581.  
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tert-butyl((5-methyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborol- 
an-2-yl)hexyl)oxy)diphenylsilane (5.80). Prepared according 
to the procedure reported in the literature54 with 2,2'-(propane-2,2-diyl)bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane) (5.108) (1.18 g, 4.0 mmol, 2.0 equiv.), tert-butyl(4-
chlorobutoxy)diphenylsilane (5.113) (694.0 mg, 2.0 mmol, 1.0 equiv.),  KOtBu (1.12 g, 
10.0 mmol, 5.0 equiv.) in toluene (10.0 mL). The crude residue was purified on silica gel 
with 0-8% EtOAc in hexanes to afford the title compound as white solid (908.0 mg, 94%). 
1H NMR (600 MHz, CDCl3) δ  7.74-7.61 (m, 4H), 7.48-7.31 (m, 6H), 3.66 (t, J = 6.5 Hz, 
2H), 1.55 (p, J = 7.0 Hz, 2H), 1.37-1.24 (m, 4H), 1.21 (s, 12H), 1.05 (s, 9H), 0.92 (s, 6H).  
13C NMR (150 MHz, CDCl3) δ 135.7, 134.4, 129.6, 127.7, 83.0, 64.2, 41.3, 33.8, 27.0, 
25.1, 24.9, 23.0, 19.4.  11B NMR (160 MHz, CDCl3) δ 34.5. IR (neat) νmax 2931.6 (w), 
2858.4 (w), 1473.4 (w), 1388.5 (w), 1305.0 (m), 1138.1 (s), 1106.7 (s), 966.7 (w), 822.5 
(w), 700.2 (s), 612.9 (m) cm-1. HRMS (DART+) for C29H45BO3Si [M+H]+ calculated: 
481.3309, found: 481.3304. 
 
 (R)-4,4,5,5-tetramethyl-2-(2-methyl-1-phenylhexan-2-yl)-1,3,2-
diox-aborolane (5.61).55 1H NMR (600 MHz, CDCl3) δ 7.31-7.02 
(m, 5H), 2.78 (d, J = 13.1 Hz, 1H), 2.46 (d, J = 13.1 Hz, 1H), 1.51-1.37 (m, 1H), 1.37-1.13 
(m, 17H), 0.94-0.82 (m, 6H). 13C NMR (150 MHz, CDCl3): δ 140.4, 130.6, 127.8, 125.8, 
83.3, 45.0, 39.4, 28.4, 25.3, 25.0, 23.8, 21.4, 14.4. 11B NMR (160 MHz, CDCl3) δ 34.5. 
IR (neat) νmax 2927.2 (m), 2859.5 (w), 1494.5 (m), 1378.9 (m), 1307.2 (m), 1218.5 (m), 
                                                 
55 Manuscript for the synthesis of this substrate is in preparation. 
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1137.7 (s), 968.1 (m), 852.1 (m), 747.1 (m), 701.6 (m) cm-1. HRMS (DART+) for 
C19H35BO2N [M+NH4]+ calculated: 320.2761, found: 320.2763. [ɑ]20D -5.03 (c = 2.310, 
CHCl3, l = 50 mm). er 92:8. 
 
Analysis of Stereochemistry. Chiral SFC (Chiralcel ODR-H, 3% IPA, 3 mL/min, 100 bar, 
35 °C, 210-270 nm) – analysis of (R)-4,4,5,5-tetramethyl-2-(2-methyl-1-phenylhexan-2-
yl)-1,3,2-dioxaborolane. 
 
 
Racemic Material     Product 
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 (S)-2-(2,3-dimethyl-1-phenylbutan-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxabo rolane (5.81).55 1H NMR (500 MHz, CDCl3) δ 7.30-7.19 (m, 
4H), 7.18-7.11 (m, 1H), 2.89 (d, J = 12.9 Hz, 1H), 2.46 (d, J = 12.9 Hz, 1H), 1.71 (hept, J 
= 6.9 Hz, 1H), 1.23 (s, 6H), 1.13 (s, 6H), 1.00 (d, J = 6.9 Hz, 3H), 0.94 (d, J = 6.9 Hz, 3H), 
0.86 (s, 3H). 13C NMR (125 MHz, CDCl3) δ 140.9, 130.5, 127.6, 125.6, 83.0, 43.3, 35.2, 
25.5, 24.8, 19.9, 17.7, 17.3. 11B NMR (160 MHz, CDCl3) δ 34.3. IR (neat) νmax 2975.5 
(m), 2929.6 (m), 2873.5 (m), 1495.0 (m), 1467.6 (m), 1370.7 (s), 1306.9 (s), 1269.1 (m), 
1209.4 (m), 1142.2 (s), 1126.5 (m), 1084.1 (m), 967.9 (m), 848.2 (m) cm-1. HRMS 
(DART+) for C18H33BO2N [M+NH4]+: calculated: 306.2604, found: 306.2596. [ɑ]20D -3.83 
(c = 1.200, CHCl3, l = 50 mm). er 86:14. 
 
Analysis of Stereochemistry. The enantioselectivity was determined by oxidizing to the 
corresponding alcohol as follows: The product (0.3 mmol) was diluted with THF (3.0 mL) 
and was allowed to cool to 0 °C. H2O2 (30%, 1.0 mL) and NaOH (3M, 1.0 mL) were added 
successively. The reaction mixture was allowed to warm to room temperature and was left 
to stir for 5 h. The reaction mixture was allowed to cool to 0 °C, and quenched dropwise 
with Na2S2O3 (sat’d, 4.0 mL). The reaction mixture was left to stir for 5 minutes at 0 °C 
then allowed to warm to room temperature. The layers were separated and the aqueous 
layer was extracted with EtOAc (3 x 10.0 mL). The combined organic layers were dried 
over Na2SO4, filtered, and concentrated under reduced pressure. The crude residue was 
purified on silica gel. 
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Chiral SFC (Chiralcel AD-H, 1% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (R)-2,3-dimethyl-1-phenylbutan-2-ol. 
 
Racemic Material     Product 
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 (R)-2-(1-(benzo[d][1,3]dioxol-5-yl)-2-methylhexan-2-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.82).55 1H NMR 
(500 MHz, CDCl3) δ 6.72 (s, 1H), 6.68 (d, J = 7.8 Hz, 1H), 6.64 (d, J = 7.9, 1H), 5.89 (s, 
2H), 2.72 (d, J = 13.2 Hz, 1H), 2.37 (d, J = 13.2 Hz, 1H), 1.44 (dt, J = 11.8, 3.5 Hz, 1H), 
1.35-1.15 (m, 17H), 0.97-0.82 (m, 6H). 13C NMR (125 MHz, CDCl3) δ 146.9, 145.4, 
134.1, 123.1, 110.8, 107.5, 100.6, 83.1, 44.6, 39.2, 28.2, 25.1, 24.8, 23.6, 21.2, 14.1. 11B 
NMR (160 MHz, CDCl3) δ 34.5. IR (neat) νmax 2956.5 (m), 2927.3 (m), 2870.7 (m), 1503.3 
(s), 1488.1 (s), 1467.2 (m), 1440.0 (m), 1371.1 (m), 1274.9 (m), 1246.2 (s), 1164.4 (s), 
968.2 (s), 851.3 (m), 770.8 (m), 669.9 (m), 608.6 (m) cm-1. HRMS (DART+) for 
C20H32BO4 [M+H]+ calculated: 347.2394, found: 347.2383. [ɑ]20D -4.83 (c = 1.605, CHCl3, 
l = 50 mm). er 90:10. 
 
Analysis of Stereochemistry. The enantioselectivity was determined by oxidizing to the 
corresponding alcohol as follows: The product (0.3 mmol) was diluted with THF (3.0 mL) 
and was allowed to cool to 0 °C. H2O2 (30%, 1.0 mL) and NaOH (3M, 1.0 mL) were added 
successively. The reaction mixture was allowed to warm to room temperature and was left 
to stir for 5 h. The reaction mixture was allowed to cool to 0 °C, and quenched dropwise 
with Na2S2O3 (sat’d, 4.0 mL). The reaction mixture was left to stir for 5 minutes at 0 °C 
then allowed to warm to room temperature. The layers were separated and the aqueous 
layer was extracted with EtOAc (3 x 10.0 mL). The combined organic layers were dried 
over Na2SO4, filtered, and concentrated under reduced pressure. The crude residue was 
purified on silica gel. 
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Chiral SFC (Chiralcel OJ-H, 1% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (S)-1-(benzo[d][1,3]dioxol-5-yl)-2-methylhexan-2-ol. 
 
Racemic Material     Product 
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5.2.6.3. General Amination Procedures. 
Reaction Notes: 
- The reaction is typically not sensitive to the toluene:THF ratio. The reactions are 
performed 0.2 M in toluene, with the amount of THF varying with the concentration 
of methoxyamine solution batches. 
- Sometimes removal of Boc2O from the desired Boc protected amines can be 
challenging. If its removal on silica gel is difficult, the mixture can be stirred with 
DMAP (1.0 equiv.) in a 1:1 MeCN:H2O (approximately 1.0 mL:1.0 mL on 0.3 
mmol scale) for 1 hour, followed by EtOAc extraction. This will consume the 
Boc2O and typically leads to clean isolation of the desired Boc protected amine 
 
Method A: Amination of Primary and Secondary Boronic Esters 
 
 
 
In an Ar-filled glove box to a 2-dram vial equipped with magnetic stir bar was added 
potassium tert-butoxide (98.0 mg, 0.45 mmol, 1.5 equiv). The vial was sealed with a septa 
cap and was removed from the glove box. Toluene (0.5 mL) and methoxyamine (0.23 mL, 
1.96 M in THF, 1.5 equiv) were added. Alkyl boronic ester (0.3 mmol, 1.0 equiv) was 
added as a solution in remaining toluene (1.0 mL). The vial was sealed with tape, and left 
to stir for 16 hours at 80 °C. The reaction mixture was then allowed to cool to room 
temperature and under N2, Boc2O (0.45 mL, 1 M in THF, 0.45 mmol, 1.5 equiv) was added. 
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The reaction mixture was left to stir for 1 h under N2. The mixture was diluted in EtOAc 
and water (5.0 mL). The aqueous phase was extracted 3x with EtOAc (5.0 mL), then dried 
over Na2SO4, filtered, and concentrated under reduced pressure to afford the crude residue. 
 
Method B: Amination of Tertiary Boronic Esters with Boc Protection (work-up B) 
 
 
 
In an Ar-filled glove box to a 2-dram vial equipped with magnetic stir bar was added 
potassium tert-butoxide (168.0 mg, 1.5 mmol, 5.0 equiv). The vial was sealed with a septa 
cap and was removed from the glove box. Toluene (0.5 mL) and methoxyamine (0.46 mL, 
1.96 M in THF, 3.0 equiv) were added. Alkyl boronic ester (0.3 mmol, 1.0 equiv) was 
added as a solution in remaining toluene (1.0 mL). The vial was sealed with tape, and left 
to stir for 16 hours at 80 °C. The reaction mixture was then allowed to cool to room 
temperature and under N2, Boc2O (1.5 mL, 1 M in THF, 1.5 mmol, 5.0 equiv) and sodium 
bicarbonate (aq, sat’d, 1.0 mL) were added and the reaction mixture was left to stir under 
N2 at 80 °C for 5 hours. The mixture was allowed to cool to room temperature, water was 
added (5.0 mL) and extracted with EtOAc (3 x 10 mL), dried over Na2SO4, filtered, and 
concentrated under reduced pressure to afford the crude boc-protected amine which was 
purified on silica gel. 
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Method C: Amination of Tertiary Boronic Esters without Boc protection (work-up A) 
 
 
 
In an Ar-filled glove box to a 2-dram vial equipped with magnetic stir bar was added 
potassium tert-butoxide (168.0 mg, 1.5 mmol, 5.0 equiv). The vial was sealed with a septa 
cap and was removed from the glove box. Toluene (0.5 mL) and methoxyamine (0.46 mL, 
1.96 M in THF, 3.0 equiv) were added. Alkyl boronic ester (0.3 mmol, 1.0 equiv) was 
added as a solution in remaining toluene (1.0 mL). The vial was sealed with tape, and left 
to stir for 16 hours at 80 °C. The reaction mixture was then allowed to cool to room 
temperature and, water was added (2.0 mL), was left to stir for 10 minutes, and then 
extracted 3x with EtOAc. The combined organic layers were dried over Na2SO4, filtered, 
and concentrated under reduced pressure to afford the crude free amine which was purified 
on silica gel.  
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5.2.6.4.Characterization of Amination Products and Analysis of 
Stereochemistry 
 
tert-butyl octylcarbamate (5.114). The reaction was 
performed according to the general procedure (Method A) with 2-octyl-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (5.59) (72.0 mg, 0.30 mmol). The crude residue was 
purified on the Biotage Isolera One with 0-15% EtOAc in hexanes (stain in ninhydrin) to 
afford the title compound as clear colorless oil (62.3 mg, 91% yield). All spectral data is in 
accord with the literature.56,57 
 
tert-butyl hexylcarbamate (5.115). 
 
From n-hexyl-B(neo) (5.63). The reaction was performed according to the general 
procedure (Method A) with 2-hexyl-5,5-dimethyl-1,3,2-dioxaborinane (5.63) (59.4 mg, 
0.30 mmol). The crude residue was purified on the Biotage Isolera One with 0-20% EtOAc 
in hexanes (stain in ninhydrin) to afford the title compound as clear colorless oil (36.9 mg, 
61% yield). All spectral data is in accord with the literature.58 
 
From n-hexyl-B(dmp) (5.64). The reaction was performed according to the general 
procedure (Method A) with 2-hexyl-4,4,6,6-tetramethyl-1,3,2-dioxaborolane (5.64) (67.9 
mg, 0.30 mmol). The crude residue was purified on the Biotage Isolera One with 0-20% 
                                                 
56 Hicks, J. D.; Hyde, A. M.; Cuezva, A. M.; Buchwald, S. C. J. Am. Chem. Soc. 2009, 131, 16720. 
57 Guin, J.; Frohlich, R.; Studer, A. Angew. Chem. Int. Ed. 2008, 47, 779. 
58 Strazzolini, P.; Melloni, T.; Giumanini, A. G. Tetrahedron, 2001, 57, 9033. 
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EtOAc in hexanes (stain in ninhydrin) to afford the title compound as clear colorless oil 
(37.1 mg, 61% yield).  
 
tert-butyl (3-phenylpropyl)carbamate (5.116). The reaction was 
performed according to the general procedure (Method A) with 3-
phenyl-1-propylboronic acid pinacol ester (5.65) (73.9 mg, 0.30 mmol). The crude residue 
was purified on silica gel with 3-8% EtOAc in hexanes (UV, and stain in ninhydrin) to 
afford the title compound as white solid (66.6 mg, 94% yield). 1H NMR (600 MHz, CDCl3) 
δ 7.32-7.24 (m, 2H), 7.22-7.15 (m, 3H), 4.59 (br s, 1H), 3.19-3.11 (br m, 2H), 2.64 (t, 2H, 
J = 7.7 Hz), 1.81 (p, 2H, J = 7.3 Hz), 1.45 (s, 9H). 13C NMR (150 MHz, CDCl3) δ 156.1, 
141.7, 128.50, 128.45, 126.0, 79.2, 40.3, 33.2, 31.8, 28.5. IR (neat) νmax 3340.7 (br), 2976.2 
(w), 2930.8 (w), 2862.4 (w), 1686.9 (s), 1509.2 (m), 1365.0 (w), 1247.7 (m), 1164.5 (s), 
741.5 (m), 698.1 (m) cm-1. HRMS (DART+) for C14H22NO2 [M+H]+ calculated: 236.1651, 
found: 236.1653. 
 
tert-butyl (4-(benzyloxy)butyl)carbamate (5.117) The reaction was 
performed according to the general procedure (Method A) with 2-(4-(benzyloxy)butyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.66) (87.1 mg, 0.30 mmol). The crude residue 
was purified on the Biotage Isolera One with 10-50% EtOAc in hexanes (UV, and stain in 
ninhydrin) to afford the title compound as cloudy white oil (71.8 mg, 86% yield). All 
spectral data is in accord with the literature.39 
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tert-butyl (2-(dimethyl(phenyl)silyl)ethyl)carbamate (5.118). The 
reaction was performed according to the general procedure (Method A) with 
dimethyl(phenyl)(2-(4,4,5,5,-tetramethyl-1,3,2-dioxaborolan-2-yl)ethyl)silane (5.67) 
(87.1 mg, 0.30 mmol). The crude residue was purified on silica gel with 2-8% EtOAc in 
hexanes (UV, and stain in ninhydrin) to afford the title compound as clear colorless oil 
(75.5 mg, 90% yield). 1H NMR (600 MHz, CDCl3) δ 7.57-7.44 (m, 2H), 7.41-7.30 (m, 
3H), 4.43 (br s, 1H), 3.26-3.01 (br m, 2H), 1.43 (s, 9H), 1.06-1.00 (m, 2H), 0.31 (s, 6H). 
13C NMR (150 MHz, CDCl3) δ 155.8, 138.5, 133.6, 129.2, 128.0, 79.1, 37.0, 28.6, 17.6, -
2.9. IR (neat) νmax 3349.1 (br), 2974.9 (w), 2959.5 (w), 2929.1 (w), 1691.7 (s), 1505.2 (m), 
1364.7 (m), 1247.5 (s), 1166.8 (s), 1112.3 (s), 1005.0 (w), 819.5 (s), 779.7 (m), 729.2 (m), 
699.4 (s) cm-1. HRMS (DART+) for C15H26NO2Si [M+H]+ calculated: 280.1733, found: 
280.1711. 
 
tert-butyl (7-(pyridin-2-yl)heptyl)carbamate (5.119). The 
reaction was performed according to the general procedure 
(Method A) with 2-(7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)heptyl)pyridine (5.68) 
(88.7 mg, 0.29 mmol). The crude residue was purified on silica gel with 80:19:1 
hexanes:EtOAc:NEt3 (UV, and stain in ninhydrin) to afford the title compound as clear 
colorless oil (79.0 mg, 92% yield). 1H NMR (600 MHz, CDCl3) δ 8.51 (d, 1H, J = 4.3 Hz), 
7.57 (dt, 1H, J = 7.6, 1.9 Hz), 7.12 (d, 1H, J = 7.8 Hz), 7.08 (dd, 1H, J = 7.4, 4.9 Hz), 4.50 
(br s, 1H), 3.14-3.00 (br m, 2H), 2.76 (t, 2H, J = 7.0 Hz), 1.71 (p, 2H, J = 7.2 Hz), 1.48-
1.40 (m, 11H), 1.37-1.26 (m, 6H). 13C NMR (150 MHz, CDCl3) δ 162.5, 156.1, 149.3, 
136.3, 122.8, 121.0, 79.1, 40.7, 38.5, 30.1, 29.9, 29.4, 29.2, 28.6, 26.8. IR (neat) νmax 
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3348.9 (br), 2924.0 (s), 2853.6 (m), 1691.4 (s), 1591.4 (w), 1522.2 (m), 1434.5 (w), 1390.5 
(w), 1364.6 (m), 1271.0 (m), 1249.0 (s), 1169.2 (s), 749.8 (m) cm-1. HRMS (DART+) for 
C17H29N2O2 [M+H]+ calculated: 293.2229, found: 293.2234. 
 
tert-butyl (4-((tert-butyldiphenylsilyl)oxy)butyl)carbamate 
(5.88). The reaction was performed according to the general 
procedure (Method A) with tert-butyldiphenyl(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)butoxy)silane (5.69) (131.5 mg, 0.30 mmol). The crude residue was purified on silica 
gel with 3-8% EtOAc in hexanes (UV and stain in ninhydrin) to afford the title compound 
as viscous clear colorless oil (101.5 mg, 79% yield). 1H NMR (500 MHz, CDCl3) δ 7.69-
7.64 (m, 4H), 7.45-7.35 (m, 6H), 4.59 (br s, 1H), 3.70-3.63 (m, 2H), 3.21 (br m, 2H), 1.60-
1.55 (m, 4H), 1.44 (s, 9H), 1.05 (s, 9H). 13C NMR (125 MHz, CDCl3) δ 156.1, 135.7, 
134.0, 129.7, 127.8, 79.1, 63.7, 40.6, 28.6, 28.2, 27.0, 26.6, 19.3. IR (neat) νmax 3366.4 
(br), 2930.9 (w), 2958.0 (w), 1698.0 (m), 1508.5 (w), 1427.6 (m), 1364.7 (m), 1249.4 (m), 
1169.6 (s), 1105.9 (s), 822.5 (w), 736.4 (m), 700.1 (s) cm-1. HRMS (DART+) for 
C25H38NO3Si [M+H]+ calculated: 428.2621, found: 428.2604. 
 
Gram scale procedure:  
The reaction was performed according to the general procedure (Method A) with 
tert-butyldiphenyl(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)butoxy)silane (5.69) 
(1.3 g, 3.0 mmol). The crude residue was purified on the Biotage Isolera one with 0-10% 
EtOAc in hexanes (UV, and stain in ninhydrin) to afford the title compound as a viscous 
clear colorless oil (1.03 g, 79% yield). 
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tert-butyl cyclohexylcarbamate (5.89). The reaction was performed 
according to the general procedure (Method A) with cyclohexylboronic acid 
pinacol ester (5.70) (63.0 mg, 0.30 mmol). The crude residue was purified on the Biotage 
Isolera with 0-5% EtOAc in hexanes (stain in ninhydrin) to afford the title compound as 
white solid (86.7 mg, 87% yield). All spectral data is in accord with the literature.59 
 
Gram scale open to air procedure: 
 To a 50 mL round bottom flask equipped with a magnetic stir bar was added 
cyclohexylboronic acid pinacol ester (5.70) (1.26 g, 6.0 mmol), potassium tert-butoxide 
(9.0 mL, 1.0 M in THF, 9.0 mmol), methoxyamine (4.2 mL, 2.13 M in THF, 9.0 mmol), 
and Toluene (13.0 mL). The flask was sealed with a rubber septum, and left to stir at 80 °C 
for 16 h. The reaction mixture was allowed to cool to room temperature, then di-tert-
butyldicarbonate (9.0 mL, 1 M in THF, 9.0 mmol) was added, and the reaction mixture 
was left to stir at for 1 h at room temperature. H2O (25.0 mL) was added. The layers were 
separated, and the aqueous layer was extracted with EtOAc (3 x 30 mL). The combined 
organic layers were dried over Na2SO4, filtered, and concentrated under reduced pressure 
to afford the crude mixture which was purified with the Biotage Isolera One with 0-15% 
EtOAc in hexanes to afford the title compound as white solid (934 mg, 78%). 
 
 
 
                                                 
59 Sarkar, A.; Roy, S. R.; Parikh, N.; Chakraborti, A. K. J. Org. Chem. 2011, 76, 7132. 
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tert-butyl (S)-(1-phenylhexan-2-yl)carbamate (5.120). From 
B(neo) starting material (5.71): The reaction was performed 
according to the general procedure (Method A) with (S)-5,5-dimethyl-2-(1-phenylhexan-
2-yl)-1,3,2-dioxaborinane (5.71) (82.3 mg, 0.30 mmol). The crude residue was purified on 
the Biotage Isolera One with 0-20% EtOAc in hexanes (UV and stain in ninhydrin) to 
afford the title compound as a white solid (65.6 mg, 79% yield, 97:3 er). 1H NMR (600 
MHz, CDCl3) δ 7.32-7.26 (m, 2H), 7.24-7.14 (m, 3H), 4.29 (br s, 1H), 3.82 (br s, 1H), 2.76 
(br m, 2H), 1.52-1.91 (m, 15H), 0.87 (t, J = 6.7 Hz, 3H). 13C NMR (150 MHz, CDCl3) δ 
155.6, 138.5, 129.7, 128.4, 126.3, 79.1, 51.7, 41.5, 34.0, 28.5, 28.3, 22.7, 14.2. IR (neat) 
νmax 3339.4 (m), 2958.1 (m), 2928.4 (m), 2857.0 (w), 1699.6 (m), 1683.0 (s), 1524.6 (s), 
1454.7 (w), 1363.5 (m), 1251.4 (s), 1169.2 (s), 1045.4 (m), 1014.2 (m), 743.3 (w), 699.0 
(m) cm-1. HRMS (DART+) for C17H28NO2 [M+H]+ calculated: 278.2120, found: 
278.2107. [ɑ]20D -15.953 (c = 0.890, CHCl3, l = 50 mm). er 97:3. 
 
From B(pin) starting material (5.72): The reaction was performed according to the general 
procedure (Method A) with (S)-4,4,5,5-tetramethyl-2-(1-phenylhexan-2-yl)-1,3,2-
dioxaborolane (5.72) (75.0 mg, 0.26 mmol). The crude residue was purified on on the 
Biotage Isolera One with 0-20% EtOAc in hexanes (UV and stain in ninhydrin) to afford 
the title compound as white solid (57.8 mg, 80% yield, 85:15 er). 
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Analysis of Stereochemistry. Absolute stereochemistry was determined from the crystal 
structure (crystallized from 97:3 er product): 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared 
analogously from the corresponding racemic boronic ester.  
 
Chiral SFC (Chiralcel AD-H, 10% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – tert-
butyl (S)-(1-phenylhexan-2-yl)carbamate. 
 
Racemic Material    Product from B(neo)  Product from B(pin) 
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 tert-butyl(R)-(1-(4-methoxyphenyl)-3-phenylpropan-2-
yl)carba-mate (5.121). The reaction was performed according to 
the general procedure (Method A) with (R)-2-(1-(4-methoxyphenyl)-3-phenylpropan-2-
yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.73) (73.8 mg, 0.21 mmol). The crude 
residue was purified on the Biotage Isolera One with 0-15% EtOAc in hexanes to afford 
the title compound as white solid (58.0 mg, 72% yield, 94:6 er). 1H NMR (500 MHz, 
CDCl3) δ 7.36-7.27 (m, 2H), 7.25-7.15 (m, 3H), 7.11 (d, J = 8.2 Hz, 2H), 6.84 (d, J = 8.3 
Hz, 2H), 4.34 (br s, 1H), 4.08 (br s, 1H), 3.80 (s, 3H), 2.86-2.59 (m, 4H), 1.36 (s, 9H). 13C 
NMR (125 MHz, CDCl3) δ 158.3, 155.4, 138.4, 130.5, 130.3, 129.5, 128.5, 126.5, 114.0, 
79.2, 55.4, 52.8, 40.3, 39.4, 28.5. IR (neat) νmax 3359.45 (br), 2974.6 (w), 2928.3 (w), 
1699.6 (s), 1612.1 (w), 1511.6 (s), 1365.2 (m), 1246.4 (s), 1169.7 (s), 1038.0 (m), 821.4 
(w), 742.8 (w), 700.2 (m) cm-1. HRMS (DART+) for C21H28NO3 [M+H]+ calculated: 
342.2069, found: 342.2075. [ɑ]20D -0.930 (c = 0.645, CHCl3, l = 50 mm). er 94:6. 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared 
analogously from the corresponding racemic boronic ester. Absolute stereochemistry was 
assumed to be retentive (see products 5.120 and 5.122). 
 
Chiral SFC (Chiralcel AS-H, 2% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – tert-
butyl(R)-(1-(4-methoxyphenyl)-3-phenylpropan-2-yl)carbamate 
 
 
Racemic Material     Product 
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tert-Butyl (R,E)-(1-phenyloct-3-en-2-yl)carbamate (5.122). 
The reaction was performed according to the general procedure 
(Method A) with tert-Butyl (R,E)-(1-phenyloct-3-en-2-yl)carbamate (5.38) (94.3 mg, 0.30 
mmol). The crude residue was purified on the Biotage Isolera One with 0-15% EtOAc in 
hexanes to afford the title compound as a white solid (43.8 mg, 48% yield, 92:8 er). All 
spectral data is in accord with the literature.44 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared 
analogously from the corresponding racemic boronic ester. The absolute stereochemistry 
was determined by comparison to the reported SFC traces.44 
 
Chiral SFC (Chiralcel AS-H, 35 °C, 3 mL/min, 2% isopropanol, 100 bar) – analysis of 
tert-butyl (R,E)-(1-phenyloct-3-en-2-yl)carbamate. 
 
Racemic Material      Product 
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tert-butyl (R)-(1-phenyldecan-2-yl)carbamate (5.123). The amination of 
this substrate was performed according to the procedure in the literature 
and all spectral data is in accord with the literature.10 
 
tert-butyl-(S)-(1-(dimethyl(phenyl)silyl)-3-phenylpropyl)carbamate 
(5.124). The reaction was performed according to the general 
procedure (Method A) with(R)-dimethyl(phenyl)(3-phenyl-1-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)propyl)silane (5.76) (62.1 mg, 0.16 mmol). The crude residue was 
purified on silica gel with 3% EtOAc in hexanes to afford the title compound as colorless 
solid (41.0 mg, 72%). 1H NMR (600 MHz, CDCl3) δ  7.47- 7.54 (m, 2H), 7.34-7.43 (m, 
3H), 7.23-7.28 (m, 2H), 7.09-7.21 (m, 3H), 4.25 (d, J = 10.4 Hz, 1H), 3.37-3.48 (m, 1H), 
2.69-2.82 (m, 1H), 2.50-2.62 (m, 1H), 1.74-1.88 (m, 1H), 1.51-1.60 (m, 1H), 1.45 (s, 9H), 
0.35 (s, 3H), 0.33 (s, 3H).  13C NMR (125 MHz, CDCl3) δ 156.4, 142.4, 136.3, 134.2, 
129.5, 128.6, 128.4, 128.1, 125.8, 79.1, 40.7, 33.99, 33.95, 28.6, -4.5, -5.1.  IR (neat) 3428 
(br), 3066 (w), 3012 (w), 2927 (w), 2852 (w), 1692 (s), 1494 (s), 1453 (m), 1377 (m), 1215 
(m), 1166 (s), 1014 (w), 829 (m), 749 (s), 698 (s) cm-1.  HRMS (DART+) for C22H32SiNO2 
[M+H]+ calculated: 370.2202, found 370.2216. [α]20D: +0.633 (c = 1.083, CHCl3, l = 50 
mm). er 94:6. 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared 
analogously from the corresponding racemic boronic ester. Absolute stereochemistry was 
assumed to be retentive (see products 5.120 and 5.122). 
 
Chiral SFC (Chiracel AD-H, 5% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of tert-butyl (S)-(1-(dimethyl(phenyl)silyl)-3-phenylpropyl)carbamate. 
 
Racemic Material     Product 
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tert-butyl (1-methylcyclohexyl)carbamate (5.125). The reaction was 
performed according to the general procedure (Method B) with 4,4,5,5-
tetramethyl-2-(1-methylcyclohexyl)-1,3,2-dioxaborolane (5.77) (67.2 mg, 0.30 mmol). 
The crude residue was purified on silica gel with 10% EtOAc in hexanes to afford the title 
compound as an impure mixture with Boc2O. The mixture was dissolved in CH3CN (1.0 
mL) and H2O (1.0 mL), and 4-dimethylaminopyridine (1.0 equiv.) was added. The mixture 
was allowed to stir for 1h and then EtOAc was added, the layers were separated, and the 
aqueous layer was extracted with EtOAc (3x 5.0 mL). The combined organic layers were 
dried over Na2SO4, filtered, and concentrated under reduced pressure. The crude mixture 
was again purified on silica gel with 10% EtOAc in hexanes to afford the title compound 
as white solid (55.2 mg, 86% yield). 1H NMR (600 MHz, CDCl3) δ 4.35 (br s, 1H), 1.94-
1.78 (br m, 2H), 1.60-1.21 (m, 20H). 13C NMR (150 MHz, CDCl3) δ 154.5, 78.7, 52.1, 
37.0, 28.6, 26.8, 25.8, 22.1. IR (neat) νmax 3449.5 (w), 3353.7 (br), 1719.6 (m), 1694.7 (m), 
1495.6 (m), 1446.9 (m), 1364.6 (m), 1250.4 (m), 1163.7 (s), 1078.8 (m) cm-1. HRMS 
(ESI+) for C12H23NO2Na [M+Na]+ calculated: 236.1626, found: 236.1621. 
 
(3s,5s,7s)-adamantan-1-amine (5.126). The reaction was performed 
according to the general procedure (Method C) with 2-((3r,5r,7r)-
adamantan-1-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.78) (78.7 mg, 0.30 mmol). 
The crude residue was purified on silica gel with EtOAc (to remove pinacol) then flushed 
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with 88:8:4 EtOAc:MeOH:TEA to afford the title compound as white solid (38.4 mg, 
85%). All spectral data is in accord with the literature.60  
 
6-(benzyloxy)-2-methylhexan-2-amine (5.126). The reaction was 
performed according to the general procedure (Method C) with 2-(6-
(benzyloxy)-2-methylhexan-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.79) (99.7 
mg, 0.30 mmol). The crude residue was purified on silica gel with EtOAc (to remove 
pinacol) then flushed with 88:8:4 EtOAc:MeOH:TEA to afford the title compound as clear 
colorless oil (57.9 mg, 87% yield). 1H NMR (600 MHz, CDCl3) δ 7.36-7.30 (m, 4H), 7.30-
7.26 (m, 1H), 4.50 (s, 2H), 3.48 (t, J = 6.5 Hz, 2H), 1.62 (p, J = 6.5 Hz, 2H), 1.47 (br s, 
2H), 1.43-1.33 (m, 4H), 1.08 (s, 6H). 13C NMR (150 MHz, CDCl3) δ 138.7, 128.5, 127.8, 
127.6, 73.0, 70.4, 49.7, 44.9, 30.5, 30.3, 21.3. IR (neat) νmax 2935.3 (br), 2860.1 (w), 1453.9 
(w), 1362.9 (m), 1100.0 (s), 841.9 (br), 733.0 (s), 696.4 (s) cm-1. HRMS (DART+) for 
C14H23NO [M+H]+ calculated: 222.1858, found: 222.1852. 
 
6-((tert-butyldiphenylsilyl)oxy)-2-methylhexan-2-amine 
(5.127). The reaction was performed according to the general 
procedure (Method C) with tert-butyl((5-methyl-5-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolanyl)hexyl)oxy)diphenylsilane (5.80) (144.2 mg, 0.30 mmol). The crude residue 
was purified on silica gel with EtOAc (to remove pinacol) then flushed with 88:8:4 
EtOAc:MeOH:TEA to afford the title compound as clear colorless oil (93.7 mg, 85%). 1H 
                                                 
60 CAS: [768-94-5]. For characterization data see: Higuchi, T.; Tagawa, R.; Iimuro, A.; Akyama, S.; Nagae, 
H. Mashima, K. Chem.-Eur. J. 2017, 23, 12795. 
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NMR (600 MHz, CDCl3) δ 7.72-7.64 (m, 4H), 7.46-7.34 (m, 6H), 3.68 (t, J = 6.4 Hz, 2H), 
1.76-1.46 (br m, 4H), 1.42-1.29 (m, 4H), 1.08 (s, 6H), 1.05 (s, 9H). 13C NMR (150 MHz, 
CDCl3) δ 156.1, 141.7, 128.50, 128.45, 126.0, 79.2, 40.3, 33.2, 31.8, 28.5. IR (neat) νmax 
2955.6 (w), 2931.1 (br), 2858.0 (w), 1471.4 (w), 1106.3 (s, br), 822.1 (m), 739.3 (m), 699.8 
(s), 612.7 (m), 503.3 (s) cm-1. HRMS (DART+) for C23H36NOSi [M+H]+ calculated: 
370.2566, found: 370.2583. 
 
tert-butyl (S)-(2-methyl-1-phenylhexan-2-yl)carbamate (5.128). 
The reaction was performed according to the general procedure 
(Method B) with (R)-4,4,5,5-tetramethyl-2-(2-methyl-1-phenylhexan-2-yl)-1,3,2-
dioxaborolane (5.82) (60.4 mg, 0.20 mmol). The crude residue was purified on silica gel 
with 3-8% EtOAc in hexanes (UV and stain in ninhydrin) to afford the title compound as 
clear colorless oil (50.5 mg, 87% yield, 92:8 er). 1H NMR (600 MHz, CDCl3) δ 7.28-7.23 
(m, 2H), 7.22-7.18 (m, 1H), 7.15-7.11 (m, 2H), 4.13 (br s, 1H), 3.09 (br d, J = 13.3 Hz, 
1H), 2.83 (br d, J = 13.3 Hz, 1H), 1.87-1.71 (m, 1H), 1.49-1.40 (m, 10H), 1.37-1.21 (m, 
4H), 1.12 (s, 3H), 0.90 (t, J = 6.9, 3H). 13C NMR (150 MHz, CDCl3) δ 154.6, 138.2, 130.8, 
128.0, 126.3, 78.7, 55.5, 44.0, 38.8, 28.7, 26.1, 24.6, 23.2, 14.3. IR (neat) νmax 2958.2 (m), 
2929.8 (m), 2860.2 (w), 1716.7 (m), 1494.8 (m), 1364.9 (m), 1239.7 (m), 1163.3 (s), 
1077.2 (m), 1030.6 (m), 754.9 (m), 701.5 (s) cm-1. HRMS (DART+) for C18H30NO2 
[M+H]+: calculated: 292.2277, found: 292.2280.  er 92:8. 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared 
analogously from the corresponding racemic boronic ester. Absolute stereochemistry was 
assumed to be retentive. (See section 5.6.2.5). 
 
Chiral SFC (Chiralcel AD-H, 2% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) - tert-butyl 
(S)-(2-methyl-1-phenylhexan-2-yl)carbamate 
 
Racemic Material      Product 
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 (R)-2,3-dimethyl-1-phenylbutan-2-amine (5.129). The reaction was 
performed according to the general procedure (Method B) with (S)-2-
(2,3-dimethyl-1-phenylbutan-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.81) (86.5 
mg, 0.30 mmol). The crude residue was purified on silica gel with 90:8:2 
hexanes:EtOAc:NEt3 (UV and stain in ninhydrin) to afford the title compound as clear 
colorless oil (47.1 mg, 89% yield). 1H NMR (500 MHz, CDCl3) δ 7.32-7.26 (m, 2H), 7.25-
7.17 (m, 3H), 2.68 (d, J = 13.1 Hz, 1H), 2.63 (d, J = 13.1 Hz, 1H), 1.64 (hept, J = 6.9 Hz, 
2H), 1.10 (br s, 2H), 0.99 (d, J = 6.9 Hz, 3H), 0.98 (d, J = 6.8 Hz, 3H), 0.94 (s, 3H). 13C 
NMR (125 MHz, CDCl3) δ 138.6, 130.8, 128.0, 126.2, 54.3, 46.3, 37.4, 24.4, 17.8, 17.4. 
IR (neat) νmax 3027.8 (w), 2960 (m, br), 2874.6 (w), 1601.5 (w), 1494.7 (w), 1452.4 (w), 
1372.4 (w), 833.2 (m), 753.5 (m), 702.8 (s). HRMS (DART+) for C12H20N [M+H]+ 
calculated: 178.1596, found: 178.1588. [ɑ]20D +10.420 (c = 1.135, CHCl3, l = 50 mm). 
 
Analysis of Stereochemistry. The enantioselectivity of this product could not be 
determined due to the inability to resolve the two enantiomers via chiral separation. 
Expected to be with retention of configuration without loss of enantioenrichment (84:16 
er). 
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tert-butyl(S)-(1-(benzo[d][1,3]dioxol-5-yl)-2-methylhexan-2-
yl)c-arbamate (5.130) The reaction was performed according to 
the general procedure (Method B) with (R)-2-(1-(benzo[d][1,3]dioxol-5-yl)-2-
methylhexan-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.82) (108.0 mg, 0.31 mmol). 
The crude residue was purified on the Biotage Isolera One with 0-15% EtOAc in hexanes 
to afford the title compound as clear colorless oil (78.7 mg, 75% yield, 89:11 er). 1H NMR 
(600 MHz, CDCl3) δ 6.71 (d, J = 7.9 Hz, 1H), 6.65 (s, 1H), 6.59 (d, J = 7.8 Hz, 1H), 5.91 
(s, 2H), 4.16 (br s, 1H), 3.02 (br d, J = 13.5 Hz, 1H), 2.75 (br d, J = 13.5 Hz, 1H), 1.84-
1.73 (m, 1H), 1.51-1.38 (m, 10H), 1.36-1.24 (m, 4H), 1.12 (s, 3H), 0.91 (t, J = 6.6 Hz, 3H). 
13C NMR (150 MHz, CDCl3) δ 154.6, 147.3, 146.0, 131.9, 123.7, 111.1, 107.8, 100.9, 
78.8, 55.5, 43.6, 38.7, 28.6, 26.0, 24.5, 23.2, 14.3. IR (neat) νmax 3410.8 (br), 3370.3 (br), 
2958.1 (w) 2930.8 (w), 2871.6 (w), 1716.1 (s), 1490 (s), 1441.8 (w), 1365.1 (w), 1247.1 
(s), 1166.6 (s), 1084.2 (w), 1041.7 (m), 938.4 (w) cm-1. HRMS (DART+) for C19H30NO4 
[M+H]+ calculated: 336.2175, found: 342.2173. [ɑ]20D +17.521 (c = 0.825, CHCl3, l = 50 
mm). 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared 
analogously from the corresponding racemic boronic ester. Absolute stereochemistry was 
assumed to be retentive. (See section 5.6.2.5). 
 
Chiral SFC (Chiralcel AD-H, 2% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) - tert-
butyl(S)-(1-(benzo[d][1,3]dioxol-5-yl)-2-methylhexan-2-yl)carbamate 
 
Racemic Material     Product 
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5.6.2.5. Stereochemical Outcome of Protodeboration. 
 
(S)-2-(1,2-diphenylpropan-2-yl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (5.86).55 All spectral data is in accord with the 
literature.61 
 
Analysis of Stereochemistry. The enantioselectivity was determined by oxidizing to the 
corresponding alcohol as follows: The product (0.3 mmol) was diluted with THF (3.0 mL) 
and was allowed to cool to 0 °C. H2O2 (30%, 1.0 mL) and NaOH (3M, 1.0 mL) were added 
successively. The reaction mixture was allowed to warm to room temperature and was left 
to stir for 5 h. The reaction mixture was allowed to cool to 0 °C, and quenched dropwise 
with Na2S2O3 (sat’d, 4.0 mL). The reaction mixture was left to stir for 5 minutes at 0 °C 
then allowed to warm to room temperature. The layers were separated and the aqueous 
layer was extracted with EtOAc (3 x 10.0 mL). The combined organic layers were dried 
over Na2SO4, filtered, and concentrated under reduced pressure. The crude residue was 
purified on silica gel. 
 
Chiral SFC (Chiralcel OD-H, 2% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of (R)-1,2-diphenylpropan-2-ol. 
  
 
 
                                                 
61 Bagutski, V.; Ros, A.; Aggarwal, V. K. Tetrahedron, 2009, 65, 9956. 
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Racemic Material     Product 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1,2-diphenylpropane (5.87). The reaction was performed according to 
the general procedure (Method C) with (S)-2-(1,2-diphenylpropan-2-yl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (5.86) (109.6 mg, 0.34 mmol). The crude residue 
was purified on silica gel with hexanes to afford the title compound as clear colorless oil 
(55.9 mg, 84%). All spectral data is in accord with the literature.62 
 
 
 
                                                 
62 vom Stein, T.; Peréz, M.; Dobrovetsky, R.; Winkelhaus, D.; Caputo, C. B.; Stephan, D. W. Angew. 
Chem. Int. Ed. 2015, 54, 10178. 
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Analysis of Stereochemistry. The amine was compared to racemic amine prepared as 
reported in the literature.63 
 
 
Chiral SFC (Chiralcel OJ-H, 3% IPA, 3 mL/min, 100 bar, 35 °C, 210-270 nm) – analysis 
of 1,2-diphenylpropane. 
 
Racemic Material          Product from Amination 
 
 
 
 
 
 
 
 
 
                                                 
63 Cummings, S. P.; Le, T.-N.; Fernandez, G. E.; Quiambao, L. G.; Stokes, B. J. J. Am. Chem. Soc. 2016, 
138, 6107. 
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5.6.2.6. Stereochemical Outcome 
of Tertiary Amination. 
 
 
 
(S,E)-4,4,5,5-tetramethyl-2-(2-methyl-1-phenyloct-3-en-2-yl)-
1,3,2-dioxaborolane (5.132).55 1H NMR (500 MHz, CDCl3) δ 
7.24-7.10 (m, 5H), 5.54 (d, J = 15.1 Hz, 1H), 5.31 (dt, J = 15.9, 7.0 Hz, 1H), 2.91 (d, J = 
13.0 Hz, 1H), 2.56 (d, J = 13.1 Hz, 1H), 2.05-1.98 (m, 2H), 1.36-1.24 (m, 6H), 1.22 (s, 
6H), 1.19 )s, 6H), 0.97 (s, 3H), 0.88 (t, J = 7.3 Hz, 3H). 13C NMR (125 MHz, CDCl3) δ 
140.1, 136.9, 130.5, 128.1, 127.7, 125.8, 83.4, 44.9, 32.8, 32.1, 24.9, 24.8, 22.2, 20.2, 14.1. 
11B NMR (160 MHz, CDCl3) δ 33.3. IR (neat) νmax 2976.4 (m), 2957.4 (m), 2924.6 (m), 
2870.5 (w), 1494.5 (w), 1371.5 (m), 1351.6 (m), 1143.4 (s), 969.1 (m), 853.7 (m), 701.3 
(m) cm-1. HRMS (DART+) for C21H34BO2 [M+H]+ calculated: 329.2652, found: 
329.2640. [ɑ]20D -13.207 (c = 1.075, CHCl3, l = 50 mm). er 93:7. 
 
 
 
 
898 
Analysis of Stereochemistry. Chiral SFC (Chiralcel OD-H, 2% IPA, 3 mL/min, 100 bar, 
35 °C, 210-270 nm) – analysis of (S,E)-4,4,5,5-tetramethyl-2-(2-methyl-1-phenyloct-3-
en-2-yl)-1,3,2-dioxaborolane. 
 
Racemic Material     Product 
 
 
 
 
 
 
 
 
 
tert-butyl (R,E)-(2-methyl-1-phenyloct-3-en-2-yl)carbamate 
(5.133). The reaction was performed according to the general 
procedure (Method B) with (S,E)-4,4,5,5-tetramethyl-2-(2-methyl-1-phenyloct-3-en-2-yl)-
1,3,2-dioxaborolane (5.132) (94.3 mg, 0.30 mmol). The crude residue was filtered through 
a silica gel plug with 20% EtOAc in hexanes to afford an impure mixture of the title 
compound and di-tert-butyldicarbonate (80.0 mg total, 17% yield of product) which was 
taken forward into the ozonolysis. 
899 
tert-butyl (R)-(1-hydroxy-2-methyl-3-phenylpropan-2-yl)carbamate 
(5.134). To a 10-dram vial equipped with a magnetic stir bar was added 
impure tert-butyl (R,E)-(2-methyl-1-phenyloct-3-en-2-yl)carbamate (5.133) (80.0 mg, 
0.25 mmol, 1.0 equiv), CH2Cl2 (4.0 mL), and methanol (4.0 mL). The solution was allowed 
to cool to -78 °C. While open to the atmosphere, O3 was bubbled through the solution for 
approximately 1 min until the solution turned a pale blue color. Sodium borohydride (283.0 
mg, 7.5 mmol, 30.0 equiv.) was then added as a solid. The solution was left to stir for 5 
min at -78 °C then was allowed to warm to room temperature and left to stir for 3 hours 
open to the atmosphere. H2O was added (6 mL) and the solution was transferred to a 
separatory funnel with ethyl acetate. The layers were separated, and the aqueous layer was 
extracted with ethyl acetate (3x 10 mL). Combined organic dried over Na2SO4, filtered, 
and concentrated under reduced pressure. The crude residue was then purified on silica gel 
with 20% ethyl acetate in hexanes to afford the title compound as white solid. All spectral 
data is in accord with the literature.64 
 
[α]20D +72.127 (93:7 er, c = 1.010, CHCl3, l =50 mm).  
 
Reported for tert-butyl (S)-(1-hydroxy-2-methyl-3-phenylpropan-2-yl)carbamate (ent-
5.134): [α]28D: -72.4 (c = 1.0, CHCl3).64 
 
                                                 
64 Sugiyama, S.; Arai, S.; Ishii, K. Tetrahedron, 2012, 68, 8033. 
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